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ABSTRACT
The Appalachian folded belt of southwestern Virginia exemplifies most of the structural and strati­
graphic features that are considered typical of the Appalachians as a whole. The folded belt which is 
only 36 miles wide along the valley course of New River is generally well-defined on the southeast by 
the western foothills of the Blue Ridge and on the northwest side by a sharp structural front beyond 
which the beds are relatively gently folded.
Despite the fact that Paleozoic shelf successions of the Central Interior region are known to have 
controlled the thickness and facies of sedimentary formations within them and to have evolved as a result 
of differential crustal subsidence, the interpretations of many Appalachian geologists either specify or 
imply that Appalachian sediments accumulated in flat sheets exhibiting only regional variations in 
thickness and facies. As detailed work in many sections of the Appalachians has shown, there are actually 
two types of stratigraphic variations: one that is broadly regional, and another that is local and commonly 
structurally controlled. There is a pronounced tendency for structural geologists to ignore the relations 
between stratigraphy and structure and to visualize the latter as evolving after all the Paleozoic succession 
had been deposited.
A currently popular hypothesis of Appalachian geology interprets Appalachian folds and thrusts 
as “ thin-skinned” and to have formed by decollement or Abscherung along a great master sole thrust 
formed during late Paleozoic time. Inherent in the decollement hypothesis is an implied requirement that 
if the idea applies everywhere it must hold anywhere in the Appalachians. Perhaps the strongest endorse­
ment of the “ thin-skinned”  hypothesis for Appalachian structure is that advanced by Gwinn who en­
visions the sole fault extending not only all the way across the Appalachian folded belt but also across 
the Appalachian Plateau and under the deepest part of the Pennsylvanian basin of westernmost West 
Virginia. Gwinn even envisions this entire width of Paleozoic rocks to have been involved in a decollement 
movement that was motivated by gravity.
In the best of the more recent summaries on the inferred structural evolution of the Appalachian 
folded belt. King and Ferguson (1960) related all the existing thrusts and folds in northeasternmost 
Tennessee to one late Paleozoic deformation. Gwinn’s interpretation of Appalachian structural evolution 
requires that all the major structures formed at about the same time.
The absence of a major thrust within, or at the base of, or at the top of the Cambrian Rome Forma­
tion in the Bane anticline of Giles County, Virginia, is indicated by both surface geology and subsurface 
information. This is strong evidence against regional decollement as the basic cause for Appalachian 
folding as recently championed by R. L. Miller, Rodgers, Gwinn, and others.
There is convincing stratigraphic and petrographic evidence that the great Holston Mountain 
thrust of Virginia and northeasternmost Tennessee was initiated in mid-Champlainian time. Tear faults 
along the northwestern border of the overthrust block produced a salient “ finger”  of overthrust rocks 
that points directly at localized occurrences of Middle Ordovician polymictic conglomerates nestled in 
the trough of the South Knobs syncline. These conglomerates, as exposed near Avens Ford Bridge over 
South Holston Lake, are composed of clasts out of the same lithofacies as those composing the north­
western portion of the Holston Mountain thrust block.
The stratigraphic range of the clasts in the conglomerates near Avens Ford Bridge clearly implies 
local exhumation of a succession of strata at least 10,000 feet thick, either by folding or faulting, in order 
for the association of polymictic clasts to have been achieved. The logical source for these polymictic 
pebbles and cobbles is the advancing Holston Mountain thrust block. It may be possible to establish 
the Middle Ordovician generation of that thrust block by K /A r radiometric dating of selected portions 
of the overthrust sheet which includes some crystalline rock and some Late Precambrian rhyolites.
The supposed superficial nature of Appalachian folding is further denied by some of the typical 
structural features o f the region, including that studied by King and Ferguson in northeasternmost 
Tennessee. The once flat thrust surfaces have been folded sufficiently to develop closures of thousands 
of feet in them. Because the folding of the thrust faults involved both overriding and overridden beds, 
the later stress conditions had to affect a greater thickness of the strata than during thrusting. Folding 
of thrust sheets strongly suggests the dominance and persistence of vertically acting forces even after 
thrusting had ceased. Numerous klippen and windows associated with a number of major Appalachian 
.thrusts aid in ascertaining the dimensions of vertical movements after displacement of thrust sheets.
As Bailey Willis (1893) showed, the pattern of Appalachian folds was determined by differential 
axial subsidence in the Appalachian trough, which led to development of “ synclines of deposition”  each 
of which in its own way affected the succession of sediments deposited within itself. Synclines are the
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dominant fold type from Pennsylvania to Alabama. The general structure of the folded Appalachian 
belt is a synclinorium or geosynclinorium.
Studies of the stratigraphy and petrography of the strata within a given major structure will provide 
a basis for determining when the structure had its inception. In a general way, the Appalachian trough 
seems to have grown in width by progressive addition of synclines of deposition which formed at the 
expense of the outer margin of the foreland shelf. Some of the great synclines of deposition, such as the 
Hurricane Ridge syncline of Virginia and West Virginia, developed in Mississippian time, whereas some 
farther east probably developed in the earlier parts of the Paleozoic.
Decollement deformation, such as illustrated by the Cumberland block, indicates how some Ap­
palachian thrusts worked their way upward through successions primarily composed of thick, competent 
strata with only a few shaly zones. Transposition of thrust sheets does not necessarily depend upon a 
shale acting as a decollement zone. The Holston Mountain-Iron Mountain thrust illustrates a folded, 
once-flat thrust that cut the basement rocks. If the Middle Ordovician age of this thrust can be deter­
mined radiometrically, a strong probability favored by the relations of the mid-Champlainian polymictic 
conglomerates to the overriding block, a major break-through in understanding Appalachian structure 
will have been achieved. If all Appalachian thrusts did not originate at about the same time, after all 
the Appalachian sediments had been deposited in the Appalachian trough, then the hypothesis of regional 
decollement as the mechanism that created all the folds and faults would be untenable.
Based upon his own observations in the Appalachian region, the writer believes that basement has 
been involved in Appalachian folding since the time that the Paleozoic sediments in the Appalachian 
geosyncline began to accumulate. Differential axial subsidence of the floor of the Appalachian trough, 
which affected an increasingly wider belt from early to late Paleozoic time, set the pattern for folds and 
faults as seen today. Dominance of vertical forces over “ tangential” forces in the tectonic history of the 
Appalachians is strongly affirmed by the common occurrence of remnants of thrust sheets preserved in 
the axial portions of indigenous synclines whose strata reflect thickness and facies control by the major 
structure of which they are a part. Such conditions, which are not uncommon, imply that differential 
down warps, which started early in many instances, lasted even after overthrusting. Thrusting, therefore, 
might be conceived as one of the transient consequences of deposition of a thick succession of strata that 
were being differentially downwarped during and after their accumulation.
In pursuing the unraveling of the tectonic history of the Appalachian folded belt, countless minor 
adjustment structures preserved within relatively thin successions need careful analysis. The down- 
slumped portion of the adjustment structures the writer has seen over the greater part of the Appalachian 
region are “ down” as referenced to the particular major structure in which the beds containing a minor 
adjustment structure occur. Deep cuts along modern highways offer a great reservoir of information 
on adjustment structures.
IN T R O D U C T IO N
The folded Appalachians— a belt o f closely 
folded and faulted Paleozoic rocks— extend 
from  the west slope o f  the Blue R idge across 
the Valley and R idge Province to a well-defined 
structural fron t west o f  which the folds are 
gentle and open and few  if  any m ajor faults 
occur. Despite the fa ct  that the region has 
been studied m ore or less continually for over 
125 years, it is still, contrary to common be­
lief, a rather poorly known and far from  well 
understood region. It is the classic, geosyn­
clinal region o f the world.
In this region, the stratigraphy, structure, 
and surface form s await application o f new 
techniques and fresh  points o f  view to aid in 
the solution o f its many problems. The appeal­
ing thing about Appalachian geology is that 
it is not obvious. Although it is in many areas 
necessary to brush aside the leaves and part 
the blades o f  grass to get at the geologic evi­
dence, one seldom wants for  exposures, at least 
not in the V irg in ia  Appalachians. Those who 
w ork in this great, classic region appreciate 
its appeal and challenges. This was summed
up by my mentor, Charles Butts, who after a 
vigorous day o f hard field work op ined : “ Who 
wouldn’t want to be a geologist in country 
such as th is !”
By W a y  o f Explanation
Every geologist visualizes and interprets 
geologic phenomena in (let us hope) a fram e 
o f reference that continually changes and im­
proves as he accumulates experience. H aving 
worked in the Appalachians fo r  30 years, I 
have embraced at one time or another m ost o f 
the popular concepts o f stratigraphic, struc­
tural, and geom orphic interpretation. Many 
o f  these concepts have w orn well, but others 
have proven inadequate. M y first disenchant­
ment involved the peneplain concept and mul­
tiple erosion surfaces. It is heartening to  see 
the steady decline in popularity o f  the old 
geom orphic interpretations during the past 25 
years. I later became impatient and disillu­
sioned with U lrichian stratigraphy which was 
very popular up until about 1945. The sw ift 
decline o f that brand o f stratigraphy has also 
been heartening to many.
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For the past 15 years, I have become in­
creasingly dissatisfied with the interpretation 
o f  Appalachian structure, especially as es­
poused by  the popular school o f  “ thin-skinned”  
tectonics fo r  the folded Appalachians. M y ob­
jection  to  the decollement or  Abscherung hy­
pothesis is not the idea itself or, indeed, its 
appropriate application to portions along the 
western structural fron t as exemplified by  the 
great Cumberland overthrust block. My ob jec­
tion rests in the application o f  the decollement 
concept across the whole Appalachian folded 
belt and in the inherent postulation of a mas­
ter sole fault above which our Appalachian 
folds and thrusts occur and below which occur 
the basement and low er part o f the sedimen­
tary cover which is supposed to be relatively 
flat as originally deposited and uninvolved in 
“ thin-skinned” , superficial, Appalachian struc­
ture.
This paper will deal prim arily with struc­
ture and w ith the concepts evolved to explain 
Appalachian structure during the past 75 
years. F or  a full review  o f ideas on Appala­
chian structure, reference should be made to 
R odgers ’ (1949) paper on the evolution o f 
thought on the structure o f  the southern Ap­
palachians.
The section o f  the Appalachians shown in 
F igure 1 will be the center o f  this discussion. 
Typical stratigraphic sections fo r  this portion 
o f  the Appalachians are shown in F igure 2.
D EV ELO P M EN T  O F  CURRENTLY PO PULAR  ID EA S  
O N  A P P A L A C H IA N  STRUCTURE
From  1893 until 1943, the popular concept 
o f  the nature and orig in  o f middle and south­
ern Appalachian structure was that described 
by  W illis (1893 ). H e devised an ingenious, 
model pressure box fo r  reproducing folds by 
a plunger-action type o f  horizontal com pres­
sive stress. A s the w riter (Cooper, 1964) has 
pointed out previously, the pressure box was 
constructed w ith a r ig id  bottom  w hich prede­
term ined that the experim ental folds would 
yield upward. A t the time o f  W illis ’ (1893) 
publication o f  “ M echanics o f Appalachian 
Structure” , no one apparently thought very 
much about the underlying basement rocks, or 
whether they w ere or how they w ere involved 
in  the deform ation  o f  the folded Appalachians.
John L. R ich ’s (1934) adaptation o f Bux- 
to r f ’s A bscherung concept ( fo r  the structure 
o f  the Jura M ountains o f Central E urope) to 
the Cumberland overthrust block o f  Kentucky, 
Tennessee, and V irg in ia  gave b irth  to  the 
presently popular, ru ling theory on Appala­
chian structure.
Application o f  the Abscherung or decolle­
ment concept to the Appalachian folded belt 
as a whole was advanced by R. L. M iller 
(1945 ). Soon thereafter, this concept was em­
braced by R odgers (1949 ). The substance o f  
this interpretation is the belief that the A p ­
palachian structures we see are relatively su­
perficial and are the product o f a m aster de­
collement above w hich the beds displaced 
northwestward are folded and broken and be­
low which the basem ent and bottom  portions 
o f the Paleozoic succession rem ain m ore or 
less undisturbed. A ll o f  R odgers’ m ore recent 
papers on Appalachian structure have elab­
orated upon the application o f  the Abscherung 
or decollement concept to structures including 
those that lie west o f the structural fron t that 
follow s rather closely the Cum berland-Alle- 
gheny Escarpm ent. V. E. Gwinn (1964) has 
proposed a regional decollement across the en­
tire folded Appalachians and much o f  the A p ­
palachian Plateau as well. This sweeping in ­
terpretation is based upon a num ber o f as­
sumptions that are either unsubstantiated or 
obviously false. “ Anticlines [according to 
Gwinn (1964, p. 8 8 9 )] are the principal prod­
ucts o f  Appalachian deform ation .”  I f  by “ prin ­
cipal”  Gwinn means size (length, breadth, and 
w id th ), then his basic assumption has to be 
rejected. This supposed “ fa ct”  is denied by the 
fold  delineations shown on the Tectonic Map 
o f the United States (U .S.G .S., 1961) which 
shows that from  Pennsylvania to Alabam a 
synclines are the principal structures in the 
folded Appalachians. The terms “ Appalachian 
basin”  and “ A llegheny synclinorium ”  fo r  the 
region  w est o f  the Appalachian structural 
fron t along the Cum berland-Allegheny fron t 
correctly describe that region  and s ig n ify  that 
its principal structures are likewise synclines.
On Gwinn’s Plate 2, tw o highly interpretive 
cross sections are shown w ith a deep decolle­
ment zone supposedly in the upper part o f  the 
Low er Cambrian at a depth m ore than 20,000 
feet. The necessity fo r  this deep decollement 
is lacking. The extensions or connective sole- 
fau lt segm ents are unnecessary extrapolations. 
The localized fau lting w ithin the anticlines can 
be explained by bedding-plane dislocations and 
superjacent disharm onic fo ld in g  incurred by  
the presence o f  weak zones ju st as Gwinn pro­
poses, but there is no need fo r  these faults to 
“ go anywhere”  down dip or to m erge w ith a 
phantom sole fault. It would appear to me that 
Gwinn, i f  his cross sections support his inter­
pretations, has overgeneralized fro m  soundly 
interpreted, local data, obtained from  wells, to 
regional interpretations extending fa r  beyond
U M R  Journal, No. 1 (April 1968)
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Fig. 2. Columnar sections of formations occurring in different portions of the general area that includes the “ pr 
file”  of the folded Appalachians described in this paper.
the bounds o f his facts and, I dare say, his 
firsthand knowledge. Local decollement zones 
w ith m inor structural displacement and w edg­
ing effects o f  the beds are commonplace in the 
Appalachians, but it is entirely reasonable to 
regard these m inor fau lt displacements as dy­
ing out down dip.
Gwinn makes a great point o f  showing that 
one cannot plunger-push thrust sheets by up- 
ram ping over long distances and says (p. 895) 
“ . . *. one is compelled to conclude that only 
internal body forces  generated by  the force  o f 
gravity, in com bination with directed tectonic 
forces  exerted by  the upthrust Blue R idge 
wedge, can begin  to explain the regional thin­
skinned deform ation o f the folded central A; 
palachians” . In other words to make thrustir 
from  the southeast feasible, the B lue Ridj 
directed forces need help— t^he help o f  gravit 
Gwinn’s cross sections provide his hypothes 
o f  a 180-m ile-wide decollement w ith absolute 
no help. The m ajor slope direction o f  his maj< 
units in Cross Section A -A ' are southeastwai 
not northwestward which is the d irection  th( 
would have to slope i f  gravity and the deforr 
ing forces  from  the far  away Blue R idge  r 
gion w ere to w ork synergistically to overcon 
friction  o f bed on bed. A ny gravity m otivate 
downslope m ovem ents in the southeasterly i; 
d ined sequences would be resisting, not pr
UMR Journal, No. 1 (A pril 1968)
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Fig. 3. Geology of the Bane anticline, Giles County, Virginia. C, IS, D, and M refer to Cambrian, Ordovician, 
Silurian, Devonian, and Mississippian. Ccr—Copper Ridge Dolomite, Cn—Nolichucky Shale, Chk—^Honaker 
Dolomite, Cr—Rome Formation, Cs (inferred)—Shady Dolomite, Ce— E^rwin Quartzite.
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m oting, westward sliding. Therefore, it ap­
pears to the w riter that Gwinn in cham pioning 
the idea o f  westward Abscherung across a 180- 
mile wide belt is faced with the same mechani­
cal difficulties as those who never invoked 
gravity in their interpretations.
Gwinn (1964, p. 883) concludes that: “ The 
tectonic style and m ode o f deform ation o f  the 
‘folded ’ Central Appalachians is, thus, prac­
tically identical w ith that observed in the 
‘thrust-faulted ’ southern Appalachians. The 
only im portant difference between the two 
regions is that the upward shearing segments 
or ‘toes’ o f  thrust sheets in the southern Ap­
palachians have been exposed by erosion, 
whereas the ‘toes ’ o f the m ajor Central Appa­
lachian thrust sheets are still covered by a 
mile or m ore o f  stratified rocks.”
This interpetation is completely denied by 
the conditions in the Bane anticline o f Giles 
County, V irgin ia. This structure is unusual 
because the Rom e Form ation, the lowest pos­
sible decollement zone in the Paleozoic, is ex­
posed in the core o f the anticline (F ig . 3 ) . If 
one traverses the exposures o f  the Rome across 
the entire width, particularly the part so well 
exposed along the lane leading from  V irginia 
H ighw ay 100 to the Strader farm  home, the 
Rom e shales are observed to arch over in a 
simple fash ion almost as “ well behaved”  as 
the overlying Honaker Dolomite. In 1948, the 
C alifornia Company drilled a test well (No. 
1 Strader) to a depth of 1,370 feet on the 
Rom e w hich form s the exposed core o f  the 
Bane anticline. This test encountered Rome 
beds down only to a depth o f  about 30 feet, 
and all the rest o f the drilled interval was 
mainly ligh t cream y colored dolomite, resem­
bling the Shady Dolom ite o f  more southeast­
erly belts. The entire Rome there is not over 
325 feet thick, and nearly all o f it is exposed. 
There is no hint o f an Abscherung or decolle­
ment zone at this level. The Rome is the logical 
place fo r  bedding plane slippage and decolle­
ment, but the con form ity o f  the Rom e to the 
Bane anticline as developed in the overlying 
form ations is unmistakable. I f  the St. Clair 
and N arrows faults (F ig . 1) converge down­
ward and m erge into a sole fault that extends 
under' the Appalachian folds including the 
Bane anticline, the Rom e in the core o f  the 
Bane anticline should disclose evidences o f  the 
differential shearing, but the Rome does not 
do sq. I f  a decollement is going to pass under 
the Guiles County folds, where is it supposed 
to  be? So far as we can tell in the best o f  all 
places to see decollement, i f  it is present, none 
exists at the stratigraphic interval where
Gwinn says it occurs regionally in the folded 
Appalachians and which is the lowest zone fo r  
Abscherung noted anywhere in the folded A p ­
palachians.
Gwinn makes much over the evidence o f 
gravity  data which he claims show that the 
basement is not involved in the Appalachian 
overthrusts. G ravity data involve assumed 
values fo r  the densities o f  the rocks. Sedimen­
tary rocks, particularly the limestone and dolo­
mite sequence from  the top o f  the Knox Group 
down to the top o f  the Chilhowee Group, show 
densities as high as 2.78, or higher than P re­
cam brian granites and granitic gneisses such 
as those exposed in the Blue Ridge. How can 
gravity  data discern the elevation o f  the top 
o f  basement if  the density o f  5,000 feet or 
more o f Cambrian and Ordovician dolomites 
and limestones is the same as or even slightly 
higher than the density o f  the basement rocks ? 
The answer is that it cannot, and gravity  data 
therefore are not conclusive fo r  or against the 
point to which Gwinn seeks to apply it as posi­
tive evidence.
O f the two interpretations shown in F igure 
4, the interpretation shown with basement 
involved in the Bane anticline is every bit as 
sound as the alternative interpretation which 
i f  entertained at all m ust be related to some 
stratigraphically lower decollement zone than 
anyone has so fa r  suggested to exist.
Another deficiency in Gwinn’s data is strati­
graphic. The conclusion he draws, about rea­
sons fo r  thinning and thickening, are purely 
inferential. W hen beds thicken or thin, he 
attributes it as probably due to faulting. H is 
decollement depends upon involvement o f the 
folded Appalachians all the way to  the Blue 
R idge, but he has absolutely no evidence o f 
decollement all the way across the belt o f fo ld ­
ing to the Blue Ridge.
These very features o f  the Bane anticline 
were reviewed by John Rodgers and the w riter 
on October 16, 1966, as this paper was being 
finally drafted. Rodgers (oral com munication, 
O ctober 16, 1966) agreed that the Rom e con­
form s structurally and gives no indication 
whatever o f  being a decollement zone. That 
Appalachian thrusts follow  preferred  strati­
graphic zones fo r  considerable distances is 
well known and has been so fo r  at least 40 
years. However, the extrapolation from  equiv­
ocal data necessary to construct the picture 
o f  regional decollement proposed by Gwinn 
is unwarranted. It does, however, serve a use­
fu l purpose, because it makes it necessary to 
re-exam ine the idea, far-fetched  though it is.
W hether the Allegheny synclinorium  in
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Fig. 4. Interpretations of the structure across the folded Appalachians of Giles and Pulaski Counties, Virginia. 
A—shows structure as delineated by Butts (1933) in Cross Section H-H'. B—an attempt to interpret the same 
cross section by decollement. Symbols C, O, S, D, and M refer to Cambrian, Ordovician, Silurian, Devonian, 
and Mississippian. Individual Cambrian units in descending order are: Ccr—Copper Ridge Dolomite, Cc—Conoco- 
cheague Formation, Cn—Nolichucky Shale, Chk—Honaker Dolomite, Cel—Elbrook Formation, Cr—Rome 
Formation, Cs—Shady Dolomite, Ce—Erwin Quartzite, Ch—Hampton Formation, Cu—Unicoi Formation, 
Cbq—Chilhowee rocks undivided, and pCb—Precambrian basement rocks.
Gwinn’s main area of concern shows structural 
control of thickness of beds cannot be ascer­
tained from his paper. Another geologist writ­
ing on the Silurian salt of New York wrote as 
follows: “ The isopach map [Figure 7, p. 16] 
shows the [Silurian] salt zone to have a maxi­
mum thickness of more than 1,300 feet south 
of Seneca Lake, with progressive thinning to 
the west, north, and east. It is interesting 
to note that the axis of the Allegheny syn­
clinorium is approximately where the maxi­
mum thickness of the salt zone is on the map.” 
(Kreidler, 1963, pp. 15-16)
Doubtlessly such a persistent and thick salt 
zone had a profound effect upon adjustment of 
the beds to differential downwarp in the Alle­
gheny synclinorium that took place after the 
Devonian and Mississippian beds had accu­
mulated, that is, during Pennsylvanian time. 
Differential downwarp probably also caused 
adjustment faulting to take place in localized 
areas, especially between two synclines. The 
folds west of the Allegheny structural front 
are more reasonably interpreted as products 
of differential subsidence and localized adjust­
ment folding and/or faulting on the southeast 
side of the folded Appalachians.
SO U R C E  O F  THE W R IT ER ’S IDEAS 
O N  A P P A L A C H IA N  STRUCTURE
My first employment as a teacher was in 
Wichita, Kansas, where from September to 
June, I was duly baptised with the working 
concepts of petroleum exploration during a
five-year period in the late thirties and early 
forties. During the summer periods of those 
years, I was wrestling with the geology of a 
15-minute quadrangle in southwestern Vir­
ginia (Cooper, 1944). What impressed me 
most about my experiences in Kansas was the 
oil companies’ emphasis on convergence studies 
and isopach maps. In the great midcontinental 
region of the United States, the subsurface 
geologists were then finding unit successions 
that thickened and thinned and which were 
flexed gently here and there, particularly in 
basins where invariably the beds instead of 
being uniformly flexed downward were warped 
into gentle rolls and swales in a kind of sub­
dued synclinorium. I learned that structural 
basins were places where beds thickened and 
that anticlinal areas usually had thinned sec­
tions and numerous unconformities. Those 
ideas are “old hat” in the oil business.
From reading and from conversations with 
a number of geologists in Wichita, I came to 
appreciate that a sizable portion of the craton 
not only could but had subsided essentially as 
a unit for a long time and then subsequently 
for some unknown reason began to subside ir­
regularly with noticeable thickening and thin­
ning of beds from place to place. In the same 
State of Kansas, I learned about the Nemaha 
arch and the Central Kansas uplift which qual­
ified a s /‘buried hills.” I came to regard the re­
flection of structure in local stratigraphic 
variations as a matter of demonstrated fact.
It has seemed to me that Levorsen’s “layer
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cake geology” as a descriptive term for the ge­
ology of the interior area of the United States, 
particularly the midcontinental region, was not 
really very appropriate. The stratigraphic 
units, likened to cake layers, are not nice and 
even in thickness once you begin to examine 
the region in detail. Much of the interior “flat- 
rock” country is a region that was far from 
terrigenous-sediment source areas. Much of 
the succession is either limestone or dolomite 
formed indigenously in a shallow sea. What 
could cause such deposits to thicken and thin 
with development of structures of measurable 
closure? Was more limestone and shale de­
posited, or could we say “stacked up”, in shal­
low water, and the floor of deposition then dif­
ferentially downwarped under an irregularly 
placed dead-weight load of deposits put upon 
it? As one clever wit so aptly put it: “You 
cannot sink a rowboat by loading it with saw­
dust!” Neither can it be possible to load the 
crust with relatively light sediment and ex­
pect heavier rock at the level of subsurface, 
isostatic compensation to adjust a distance 
equivalent to the varying thicknesses of load­
ing sediments. To think so is to embrace a 
fantasy that the cart draws the horse.
Definition of structural elements on the 
Central Interior craton and of the nature of 
facies patterns that are thereby produced are 
nowhere better developed or better described 
.than in Illinois. The many excellent published 
reports of the Illinois Geological Survey that 
have delineated these structures so elegantly 
are truly modern and realistic contributions to 
stratigraphy and structure.
The researches of Cohee and Landes (1958) 
in Michigan likewise point up a “whopper” of 
a great, almost circular basin in which isopach 
contours and structural contours agree. One 
wonders why or even how the great Michigan 
basin could have been formed as a dimple that 
continued to grow by focal rather than axial 
subsidence. Although even today we have no 
satisfactory explanation for basins and swells 
on the interior craton, no one can doubt that 
they exist or that differential subsidence is a 
fundamental attribute of the earth’s crust—  
even pf so-called stable shelves.
I have never been able to follow the reason­
ing of some writers who perennially refer to 
the interior craton with its thick cover of 
Paleozoic sediments as a stable platform. Dic­
tionaries indicate that “stable” means fixed 
and immutable. The cover of Paleozoic rocks 
is itself massive and overwhelming testimony 
to the extensive, progressive, absolute sub­
sidence of the floor of the craton that was
necessary to allow accumulation of up to more 
than a mile of average thickness of shallow- 
water-laid sediments bed upon bed over a long, 
long time. The well-defined contact between the 
“basement” and overlying sedimentary rocks 
is an excellent surface of reference from which 
to discern what happened to the “stable” in­
terior craton in Paleozoic time. This surface 
in all but local spots now lies deeply buried 
not only below the land surface but in most 
places also far below sea level. We can draw 
but one conclusion, namely, that this clearly 
defined surface of nonconformity has gone 
down, and down, and down in all except a few 
places such as the St. Francois Mountains, and 
in at least a few places has subsided so pro­
foundly as to rival the basinal subsidence evi­
dent in the Appalachian geosyncline. The 
Michigan and Illinois basins are good ex­
amples. Stable platforms? No! Progressive, 
differential subsidence is a much more accu­
rate way of describing what happened to the 
craton and what caused its Paleozoic deposits 
to vary so much from place to place.
Despite the fact that I had this picture of 
the geology of the central interior United 
States so clearly in mind in the late thirties 
while I was working during the summers in 
the Appalachian region, I very definitely was 
not looking for signs of the interplay of stra­
tigraphy and structure in the folded Appala­
chians. Indeed, the thought had not yet en­
tered my mind. During the first ten years of 
my Appalachian work, my concepts conformed 
with then current beliefs, and it was only after 
years of stratigraphic study that I began to 
see the relationship between stratigraphy and 
structure in that region. With the exception of 
a few writings to which I shall allude subse­
quently, nearly all historical picturizations of 
Appalachian Paleozoic sedimentation have said 
almost nothing about how the floor of the Ap­
palachian basin subsided. If one reads between 
the lines of the Rodgers (1949, 1950, 1953), 
King (1950), R. L. Miller (1945, 1948, 1953, 
1954), and a number of others, the impression 
presented is that the floor of the Appalachian 
geosyncline subsided as a rigid platform dif­
fering only from the “stable” interior craton 
in the faster rate of basinal subsidence. Ac­
cording to Rodgers, King, R. L. Miller, and 
many others. Paleozoic deposition is thus visu­
alized as being brought to an end by climactic 
deformation of the Appalachian succession in 
a late Paleozoic, Appalachian Revolution prior 
to which the succession was essentially un­
deformed.
My own stratigraphic studies have provided
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me with convincing evidence that Appalachian 
structures evolved slowly and not as a conse­
quence of “ plunger pushing”  deform ation from  
the southeast or Blue Ridge side but by differ­
ential axial downwarping o f the geosynclinal 
floor of deposition during the accumulation of 
sediment (Cooper, 1964). Although decolle­
ment is a very logical interpretation o f the 
Cumberland overthrust block, R. L. Miller’s 
(1950, 1953, 1954) concept that the basement 
did not rise up under the Powell Valley anti­
cline, which he interpreted as a thin-skinned 
fold, was not followed by H arris and Zeitz 
(1962) who reached the conclusion that base­
ment does rise under the Powell Valley anti­
cline and is involved in the development of 
that fold.
Whether or not basement was generally in­
volved in Appalachian folding in space and 
time is still an unresolved problem, but there 
are powerful evidences that it was involved. 
A  number of deep drill holes are needed in 
areas where inform ation on depth to basement 
would be o f critical importance, that is, on 
great structural highs such as the core o f  the 
Rich Patch anticline in Allegheny County, V ir­
ginia, the Bane anticline of Giles County, V ir­
ginia, and the Burkes Garden dome in Taze­
well and Bland Counties, V irginia. It would 
also help immensely to have some core data on 
depth to basement in some o f  our great V ir­
ginia synclines such as the Blacksburg-Pulaski 
synclinorium (Cooper, 1961, 1963, 1964), the 
Greendale syncline (Butts, 1940; Averitt, 
1941; Cooper, 1964, 1966), the Massanutten 
synclinorium (Spencer, 1897), Cahaba and 
Coosa synclines in Alabama (Butts, 1927), and 
Bays Mountain synclinorium o f eastern Ten­
nessee.
ID EA S  O N  EARLY IN C EPT IO N  
O F  A P P A LA C H IA N  D EFO R M A T IO N
The date o f inception of Appalachian fold­
ing is a problem that fo r  most geologists is at 
best a possible argument as to whether the 
Appalachian Revolution began in Alleghenian 
time, or still later in the Pennsylvanian Pe­
riod, or in Permian time. Spieker (1956), how­
ever, has written with penetrating analysis 
about the time o f  Appalachian folding, and he 
has shown how really flimsy the evidence is 
fo r  a Perm ian erogenic date. This welcome 
iconoclastic blast at some o f  the widely ac­
claimed ideas about Appalachian geology 
should be read by every geologist interested in 
the structural evolution of that great region. 
It makes an excellent basis fo r  re-examining 
some of the unrealistic tenets that so many 
still embrace.
The early contribution o f Bailey W illis re­
garding inception o f  Appalachian folding is 
particularly noteworthy. In his comprehensive 
treatise, “ Mechanics of Appalachian Struc­
ture” , published in the 13th Annual Report o f 
the U.S. Geological Survey, 1893, W illis ad­
vances the concept o f  geosynclinal cannibalism 
and synchronous sedimentation and folding 
with progressive enlargement o f the folded 
belt by addition of step-fold synclines o f  depo­
sition that were added on one by one at the 
expense of the outer margin of the foreland 
shelf. These prim ary downfolds, so W illis be­
lieved, set the pattern for  folds developed later 
by tangential stress. He (W illis, 1893, p. 280) 
described Appalachian evolution as follow s:
During the period of sedimentation, which 
ultimately set up isostatic adjustment, there 
had been continuous shrinkage o f a nucleus 
cooling beneath the accumulating strata, and a 
corresponding compression strain in them ex­
isted without determinant direction or effect. 
Here were three continuous, growing condi­
tions— sedimentation, isostatic adjustment, and 
contraction. . . .
. . . Appalachian folding began at the time 
when deposition caused isostatic adjustment, 
and adjustment localized and directed contrac­
tion. It paused when contraction was satisfied, 
and deposition then recommenced the process 
which ran its cycle again and again.
W illis distinguished between original folds 
or “ synclines of deposition”  and subsequent 
folds produced by compressional stresses. He 
(1893, p. 251 ff.) clearly recognized the rela­
tion between local thickening o f depositional 
sequences in synclines o f  deposition and the 
spatial coincidence o f  these primary synclines 
with “ synclines o f deform ation”  or synclin- 
oria. He singled out the three largest synclin- 
oria in the folded Appalachians as exam ples: 
the anthracite basin o f Pennsylvania; the 
Massanutten syncline of Pennsylvania, Mary­
land, eastern West V irginia, and northern V ir­
g in ia ; and the Bays Mountains synclinorium 
o f eastern Tennessee. W illis’ ideas on early 
folding are remarkably clear, and beyond any 
doubt he believed in adjustment folding. But 
his ideas on causes fo r  differential subsidence 
do not agree with our ideas today. He was in­
clined, as had been James Hall (1857), to be­
lieve that irregular deposition caused syn­
clines o f  deposition. Today it is widely appre­
ciated— though not in all geological circles—  
that to believe that localized thicker deposits 
produced differential subsidence is to confuse 
cause with effect. The crust cannot be differ­
entially downwarped by loading it with vary­
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ing thicknesses of sediment. Sediment is too 
light to downbend the crust differentially and 
to displace heavier crust below to form a 
structural depression by adjustment to differ­
ential loading. The structural depression is the 
cause and the localized thickening in synclines 
of deposition is the effect of the structural 
downwarping. But, this faulty interpretation 
does not subtract markedly from Willis’ con­
cept of early folding as a control of deposition. 
This was one of his brilliant discoveries.
Ordovician, basinal warping in the Appa­
lachian geosyncline was suggested by Ulrich 
and Schuchert (1904) in a curious comedy of 
errors of stratigraphic miscorrelations by 
which the Athens Formation of eastern belts 
was correlated with the Lenoir Limestone and 
in turn with the Chickamauga Limestone of 
western belts. Because these supposedly equiv­
alent formations contained different fossils, 
Ulrich and Schuchert postulated tectonically 
generated subtroughs and intervening up- 
arched folds that prevented the subtroughs 
from joining together. The folds of Ulrich and 
Schuchert were inferred folds, not real folds. 
In Alabama, Butts (1927, pp. 104-105, 118, 
pi. 27) attempted to establish the equivalency 
of two stratigraphic sections on the basis of 
the assumed identity of two lithologically sim­
ilar micrites or calcilutites each overlain by a 
MociwWtes-bearing limestone— one of Lenoir 
(Marmor) age, the other of Ridley (Wilder­
ness Stage) age. The two Maclurites-hearia^ 
limestones, assumed to be the same, posed a 
problem to Dr. Butts, because the associated 
fossils in the eastern part of the Alabama fold 
belt did not occur in the other limestone which 
is present in Birmingham Valley to the west. 
To explain this curious situation. Butts, as 
Ulrich and Schuchert had done earlier, in­
vented an uparching barrier that separated 
troughs in which the two Maclurites-hearin^ 
limestones were deposited separately. These 
explanations viewed in historical perspective 
are somewhat amusing because the two Mac- 
itfrites-limestones are obviously of different 
age. One is of Marmor age, the other of Wil­
derness age. Even the Maclurites which Butts 
considered conspecific are different. In these 
cases,' syntectonism was postulated to solve 
.p^uradoxes in the stratigraphy that really did 
not exist.
Grabau (1909) reached a very significant 
condhsion about the time and place of incep­
tion of Appalachian folding from study of the 
Oswego Formation on Bald Eagle Mountain 
ip  central Pennsylvania. Grabau explained the 
sourc^ of the quartzite clasts in the “Bald
Eagle” (Oswego Sandstone) Formation of the 
Nittany arch by postulating the deformation, 
uplift, and erosion of Early Cambrian elastics 
on the eastern side of the Appalachian basin—  
a case of inferred geosynclinal cannibalism. 
P. D. Krynine’s heavy mineral studies of the 
same areas a generation later led him to the 
same general conclusion that Grabau had 
reached in 1909. Grabau’s interpretations, 
which got him involved with Ordovician syn­
tectonism, dealt with inferred folds believed 
by him to have been developed along the locus 
of the west base of the present Blue Ridge.
In the thirties, Marcellus H. Stow (1937) 
called attention to Middle Ordovician, coarse, 
intraformational rudites composed of cobbles 
of Cambrian and Lower Ordovician sedimen­
tary rocks identical in lithology to rocks of 
those ages exposed to the east of Fincastle, 
Botetourt County, Virginia. Subsequently, 
Kellberg and Grant (1956) described numer­
ous occurrences of similar beds of coarse con­
glomerate in the Middle Ordovician from Fin­
castle southwest to Tennga, Georgia. Although 
they correctly described the relative abun­
dance of different kinds of clastic pebbles and 
cobbles in these conglomerates of “Fincastle”- 
type, they apparently did not recognize fully 
the true significance of the conglomerates 
which constitute by any reckoning irrefutable 
proof of a profound degree of deformation of 
early Paleozoic rocks in Middle Ordovician 
time literally within the Appalachian basin 
itself (Cooper, 1960). These conglomerates 
were alluded to by King (1950) and cited as 
evidence of tectonism, but he did not spell out 
fully the “ in-basin” tectonic significahee of 
the conglomerates.
The downward stratigraphic range of the 
clasts in the Fincastle conglomerates (Cooper, 
1960) exposed in the type locality along U. S. 
Highway 220 a mile or so north of Fincastle, 
Virginia, is at least as low as the Lower Cam­
brian, Unicoi Formation whose characteristic, 
green, spheroidally weathering orthoquartzites 
are abundantly represented. Clasts of Cam­
brian Conococheague Limestone, Beekman- 
town Dolomite, and fossiliferous Middle Or­
dovician limestones of Marmor and Ashby age 
indicate the upper stratigraphic range of the 
source rocks aggregating well over 10,000 feet 
of beds. To derive, transport, and deposit 
clasts of so widely different age and hardness 
either by some upramping exhumation of 
buried strata along a great fault or by defor­
mation by folding of older Appalachian strata 
in Middle Ordovician time, sufficient to pro­
duce structural closures of 10,000 feet or more.
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simply had to  occur “ som ewhere”  to the south­
east o f  the tight, overturned, isoclinal syncline 
north o f F incastle in which the conglomerates 
are nestled. Looking at the area southeast o f  
Fincastle, the overthrust Chilhowee beds, ex­
posed on th e  Blue Ridge 10 m iles away, are o f 
the same facies and constitute the logical 
source fo r  the quartzite and arkosic clasts. 
But this would demand that the Blue R idge 
rocks be elevated in Middle Ordovician tim e; 
a situation which does not fit ruling theories 
of tectogenesis.
The stratigraphic level at w hich the F in ­
castle conglom erates occur is perplexing to 
orthodox ideas about a late Paleozoic date fo r  
all Appalachian deform ation. The widespread 
stratigraphic break between the Knox D olo­
mite and overly ing Champlainian limestones—  
evidence o f  eustatic low ering o f  sea level in 
late Canadian tim e— is distinctly lower and 
older than the Fincastle-type, polym ictic con­
glomerates occurring between Fincastle and 
Tennga, G eorgia. The Taconian disturbance 
leading to the deform ation that gave rise to 
the clasts in  the Cincinnatian “ Bald E agle”  
or Oswego Sandstone is definitely younger 
than the Fincastle-type conglomerates. That 
so profound  fo ld in g  a n d /or  up-faulting oc­
curred over a 250-mile stretch o f  the A ppa­
lachian geosyncline— from  Fincastle, V ir ­
ginia, to Tennga, G eorgia— literally while sed­
imentation was in progress sim ply cannot be 
denied. Of course, an in trigu ing question that 
emerges is th is : Is this the only example o f 
syntectonic activity in the Appalachian Paleo­
zoic succession? D id such structural deform a­
tion take place in the Appalachian deposi­
tional basin more than once, and i f  so, how  
many times ?
The w riter (1961) has referred  to other 
conglom erates in the Paleozoic succession that 
tell the sam e story : Bays sandstones or grits  
containing Cambrian quartzite clasts, K inder- 
hookian-Osagean conglom erates containing 
Clinton heavily ferruginous red sandstone 
clasts, and U pper M ississippian Princeton con­
glomerates containing M iddle M ississippian 
limestone clasts. The stratigraphic occurrences 
of these polym ictic conglom erates is sufficient 
to indicate beyond any doubt that syntectonic 
activities (fo ld in g  and fau ltin g ) were in p rog ­
ress in the Appalachian geosyncline through­
out much o f  the tim e during w hich the strata 
of the present Appalachian folded  belt w ere 
being deposited.
In 1964, the w riter pointed out that there is 
a relation betw een stratigraphy and structure, 
because m any m ajor existing structures very
plainly have controlled thickness and facies 
variations in Appalachian strata. This sug­
gests that the m ajor structures, much as W il­
lis said in 1893, began to take shape even as 
the beds accumulated. Appalachian fo ld in g  or 
deform ation was thus a long drawn-out pro­
cess and could not have been solely the effect 
o f  a terminal, late Paleozoic orogeny.
Perhaps it is appropriate here to indicate 
the rather tenuous bases fo r  the long held con­
clusion that the folds and faults in the folded 
Appalachian belt were form ed in beds that 
w ere not previously subjected to folding 
a n d /or  faulting.
IS A P P A L A C H IA N  F O L D IN G  A N D  FAU LT IN G  
ALL LATE P A LE O Z O IC  IN  A G E ?
The m ajor and totally unwarranted assump­
tion so widely held is that essentially all the 
structures o f the Appalachians form ed at 
about the same tim e by a tectonic revolution 
that terminated deposition in the Appalachian 
geosyncline. W hat is the supporting evidence 
fo r  this assum ption? There simply is no evi­
dence that all the structures (folds and faults) 
were form ed in the same tectonic episode. 
Based on the youngest beds known to be in­
volved in any given structure, one cannot em­
brace any stratigraphic evidence that will sup­
port a common period in w hich all the m ajor 
structures form ed. Indeed, there is abundant 
evidence to the contrary. For example, the 
Iron M ountain-H olston M ountain “ thrust”  in 
southwestern V irg in ia  and northeastern Ten­
nessee cuts beds no younger than Middle Or­
dovician, whereas, the Saltville and Pulaski 
thrusts cut beds as young as Chesterian.
The fa ct  that in Alabam a beds as young 
as Pottsville and in Pennsylvania beds as 
young as Alleghenian are definitely involved 
in close folding is not a sound basis fo r  in­
fe rr in g  that all Appalachian folds and faults 
developed only a fter Pottsville tim e or Alle­
gheny time— that is, unless one clings to the 
assumption that all structures had to be 
form ed at about the same tim e during an “ oro- 
gen”  (Gwinn, 1964). The w riter ventures to 
predict that w ithin a few  years we will have 
very  definite quantitative data that some o f 
the m ajor Appalachian structures w e see today 
w ere form ed as early as Middle Ordovician 
time. All the substantive data we have in our 
possession point to such a date o f inception o f 
movement o f the H olston M ountain-Iron 
M ountain block (K ing, Ferguson, and others, 
1960).
The Holston M ountain-Iron M o u n ta in  
“ thrust”  form s a m ajor portion o f  the trace
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Pig. 5. Holston Mountain-Iron Mountain thrust block related to the Middle Ordovician conglomerates of the 
South Knobs syncline. Clasts in the polymictic conglomerates are from the same lithofacies of Chilhowee beds as 
compose the Shady Valley block.
of the great, extensive fault that occurs along 
the northwest base of the Blue Ridge for ap­
proximately 100 miles from a point where the 
“thrust” disappears beneath the Buffalo 
Mountain thrust sheets 13 miles southwest of 
Jonesboro, Tennessee, northeastward to a 
point near Speedwell in Wythe County, Vir­
ginia/' where the Holston Mountain-Iron 
Mountain “thrust” probably merges with the 
Poplar Camp thrust or Blue Ridge thrust of 
the Speedwell-Ivanhoe-Austinville mineral dis­
trict of southwestern Virginia.
Thte Holston Mountain-Iron Mountain  
.thrust, according to traditional interpretation, 
is conceived to have originated in late Paleo­
zoic .time during the so-called Appalachian 
orogeny (Butts, 1932). The horizontal dis­
placement along the fault is reckoned as 
greater than 16 miles (Fig. 5). By any method 
of evaluation, the Holston Mountain-Iron 
Mountain “thrust” is one of the major faults 
of the Appalachians. The overridden and over­
riding rocks have been broken by transcurrent 
faults, the largest of which is the Cross 
Mountain fault (Fig. 5).
King and Ferguson (1960) believe that 
three tectonic episodes have affected northeast­
ernmost Tennessee: 1) a Precambrian orogeny 
that metamorphosed the crystalline rocks be­
fore accumulation of the Mt. Rogers and 
Chilhowee successions of Late Precambrian 
and Early Cambrian age; 2) a Middle Ordo­
vician orogeny deduced from Middle Ordovi­
cian clastic sediments in eastern belts of
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southwestern V irg in ia  and northeasternm ost 
Tennessee, particu larly the polym ictic con­
glom erates o f F incastle type w hich are com ­
posed o f  clasts derived from  the entire suc­
cession from  the M iddle O rdovician limestones 
down through the basal Cam brian Chilhowee 
elastics and into the Precam brian crystalline 
rocks; and 3) the late Paleozoic orogeny or 
Appalachian Revolution.
A ccord ing to K ing, Ferguson, and others 
(1960, p. 8 5 ), the chronology o f late Paleozoic 
deform ation in northeasternm ost Tennessee 
was as fo llo w s :
(1) parautochthonous deform ation o f the rocks 
below the so-called Shady Valley thrust 
sheet, during which the Shady Valley 
thrust sheet was emplaced;
(2) concom itant arching o f  the Holston Moun­
tain-Iron Mountain flat thrust surface, 
as reflected by the anticlinal arching of 
the Mountain City window area and by 
the dow nfolding o f the northwestern edge 
o f  the Shady Valley thrust sheet to form  
the Stony Creek syncline; which was ac­
com panied by
(3) emplacement o f the thrust sheets o f  the
Stone Mountains and Buffalo M ountain; 
and finally somewhat later
(4) emplacement o f the Great Smoky thrust 
sheet and form ation o f  the Cross Moun­
tain fap lt and other transcurrent faults.
There is every reason to question the va lid ity  
o f  the interpretation o f the H olston M ountain- 
Iron M ountain thrust as necessarily o f  late 
Paleozoic age. Let us look at the evidence.
Throughout its entire length o f about 100 
miles, the H olston M ountain-Iron M ountain 
thrust zone nowhere cuts rock younger than 
M iddle Ordovician black shales and inter­
calated graywackes and polym ictic conglom ­
erates. I f  we look at these conglom erates, there 
is a definite indication that somewhere south­
east o f  the places where polym ictic gravels 
were deposited in M iddle O rdovician time, 
structural deform ation  was sufficient to  bring  
the entire succession from  Middle O rdovician 
down to and through the Chilhowee succession 
— som e 10,000 feet o f  beds— up into the realm 
o f erosion.
Despite the fact that the Holston M ountain- 
Iron M ountain “ thrust”  sheet lies ju st south-
Fig. 6. Denton Valley salient of Shady Valley thrust block. The Middle Ordovician conglomerates occur just 
beyond the salient. Om— Middle Ordovician beds, Oms—Middle Ordovician sandy and conglomeratic beds, 
Oj —Jonesville Limestone (Canadian), Cc—Conococheague Formation, Cel— Elbrook Formation, Cr— Rome 
Formation, Cs— Shady Dolomite, Ce—Erwin Quartzite, Ch— Hampton Formation, Cu—Unicoi Formation. 
pCb—Precambrian basement rock.
U M R  Journal, No. 1 (April 1968)
Profile of the Folded A ppa lach ian s of Western V irgin ia 41
east o f the locus o f these polym ictic conglom ­
erates and is, indeed, composed o f  clasts from  
the same precise lithofacies as are represented 
in the M iddle Ordovician intraform ational 
conglom erates, the connection or possible con­
nection between the conglom erates and the 
overrid ing thrust mass has heretofore been 
ignored.
As shown in F igure 6, the well-known poly­
m ictic conglom erates which occur in the M id­
dle Ordovician shale-sandstone-graywacke suc­
cession along V irg in ia  H ighw ay 750 just south 
o f  Avens Ford B ridge and which contain the 
same age range o f clasts as the conglom erates 
at Fincastle, V irg in ia , 100 miles to the north­
east, occur nestled in the trough portion o f  the 
South Knobs syncline in a structural situation 
that is m ost interesting. Im m ediately south­
east o f the conglom erates exposed along V ir­
gin ia  H ighw ay 750, a plunger-like salient v ir­
tually extending out to the conglom erates 
themselves has broken up the stratigraphic 
section right up to the beds in w hich the poly­
m ictic conglom erates are intercalated. I f  one 
is fam iliar w ith  the types o f  pebbles in the 
conglom erates occurring in the South Knobs 
syncline, their derivation from  the Shady 
Valley block o f  the Holston M ountain-Iron 
M ountain “ thrust”  rather than from  the d if­
feren t Chilhowee rocks exposed w ithin the 
M ountain City w indow  seems almost obvious. 
I f  the H olston M ountain-Iron M ountain thrust 
mass was advanced 17 miles in late Paleozoic 
time, as K ing and Ferguson claim, how does 
it happen that the quartzite and arkose clasts 
in  the conglom erates were not derived from  
the parautochthonous Chilhowee rocks closer 
at hand, such as occur in the M ountain City 
w indow ? I f  the H olston M ountain-Iron Moun­
tain  thrust was not generated until late Pale­
ozoic tim e, then the particu lar Chilhowee rocks 
from  w hich the clasts seem so clearly to have 
been derived were 17 miles farther southeast 
than now. H owever, i f  the Holston M ountain- 
Iron  M ountain block m oved out and plowed up 
the beds right out to  the South Knobs syn­
cline, the derivation o f  the quartzite and ar­
kosic clasts from  the advancing thrust sheet 
would be a much m ore realistic interpretation. 
The peculiar structural salient o f  the thrust 
mass in the Denton Valley area (F ig . 6 ), 
bounded on either side by tear faults, is like a 
great finger pointing from  the Shady Valley 
overthrust block to the conglom erates. I f  there 
is no casual connection, then this peculiar 
structural setting next to the conglom erates is 
an am azing coincidence.
But, w e need not drop this relationship as
being a likely but equivocal matter. N ature 
has provided us w ith an almost ideal situation 
fo r  dating the inception o f  movement along 
the H olston M ountain-Iron M ountain fault.
A s shown on F igure 5, from  K ing and F er­
guson’s map o f  northeasternm ost Tennessee, 
the rocks fram in g the M ountain City w indow  
are ideally situated to em ploy radiom etric dat­
ing techniques to explore the time o f  genera­
tion o f  the H olston M ountain-Iron M ountain 
thrust. On the northw est side o f  the M ountain 
City window, there are fou r  prom inent wedges 
o f Precam brian m icaceous crystalline rocks 
ju st above the great fault. Their Precam brian 
age is attested by the fa ct that they are un- 
conform ably overlain by  the U nicoi F orm a­
tion. A t the north end o f the M ountain City 
window, there are coarse agglom erates o f  the 
Mt. R ogers series containing m icaceous and 
feldspathic clasts o f  coarsely crystalline rock. 
The Precam brian ages o f  these rocks can be 
readily verified by R ubid ium /S trontium  (R b /  
Sr) dating. However, the position o f  these 
rocks next to the great thrust surface indi­
cates that they probably were subjected to 
frictional shearing and heating sufficient to 
reset their P otassiu m /A rgon  (K /A r )  radio- 
m etric clock. Expectably, these rocks should 
give K /A r  dates that reflect the last tim e that 
these rocks were subjected to significant d e for­
mation. B y establishing that these crystalline 
rocks are truly Precam brian by radiom etric 
dating w ith R b /S r  m ethods and by using 
K /A r  methods fo r  determ ining the last tim e 
the rocks have been heated up above 200 °C, as 
they would have been by  faulting, we can de­
term ine that these Precam brian rocks lost 
their early radiogenic argon in Paleozoic time. 
I f  their K /A r  dates fa ll in the range o f  220 
to 315 m illion years, a late Paleozoic age prob ­
ably s ign ify in g  a term inal Paleozoic orogeny 
will have been reaffirmed. But i f  the K /A r  
dates fall in the range o f 450 to 500 million 
years, we shall have pow erfu l evidence fa v o r ­
ing a M iddle O rdovician orig in  o f  the Holston 
M ountain-Iron M ountain “ thrust”  mass o f 
w hich the dated rocks are a part.
The purpose o f  this discussion is to point 
up the fa ct  that: 1) sedim entation in the A p ­
palachian geosyncline and in-basin tectonism  
o f  the kinds that generated Appalachian folds 
and faults were synchronous activ ities ; and
2) deform ation, though doubtlessly active dur­
ing the later Paleozoic time, was not concen­
trated in a term inal orogeny such as the 
com m only called Appalachian Revolution but 
was itself, like Paleozoic sedim entation, an 
evolutionary process.
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As the w riter has shown previously (Cooper, 
1964), orogeny m ay very well be a mislead­
ing term fo r  Appalachian deform ation. The 
idea o f  a lo fty  chain o f  mountains pushed up 
by com pression was stylized all too well by 
R. T. Chamberlin (1910) on the basis that the 
mechanics o f  deform ation are governed by a 
supposed, inescapable fact, namely that the 
easiest direction o f  relief to com pression stress 
is always up. Such ideas still have great ap­
peal fo r  m ost geologists (Gwinn, 1964). G eo­
synclines are the result o f subsidence, and 
such large downwarps doubtlessly generated 
compression. Both up- and down-warping in 
geosynclines could have occurred as a result 
of subsidence alone or as collateral effects o f 
compression generated by crustal subsidence.
The classic pressure box experiments o f 
Bailey W illis (1893, pis. 66 f f ) ,  though cer­
tainly well intended, created a world of m is­
chief. Such contrivances preordain that the 
structures actively form ed are anticlines. 
Pressure-box synclines are passive form s cre­
ated by the active form ation o f  two adjacent 
anticlines. Partly fed b y  the geologists’ own 
preoccupation with anticlines as oil structures, 
the concept that com pressional forces gener­
ated original, anticlinal mountains is so in ­
grained in Am erican geology that it seems 
poor judgm ent to  oppose it. Recall Gwinn’s 
flat statem ent that the principal effects o f  
Appalachian deform ation are anticlines. In 
one o f  the better known texts on historical 
geology, the original Appalachian Mountains 
were pictured as being raised up as high as 
the Rockies— as h igh  as the Alps in a previous 
edition. A las, that such unfounded statements 
could have been incorporated in a textbook 
that is likely to be  taken by innocent young 
minds as g osp e l!
The structural architecture o f  the folded 
Appalachians today is still a synclinorium  o f 
regional proportions. I f  the reader will look 
at the “ Tectonic Map o f  the United States” , 
which was doubtless constructed and de­
lineated by anticlinally minded geologists, the 
inescapable, self-evident fa ct is that the m ajor 
Appalachian structures from  Pennsylvania to 
Alabama are synclines, not anticlines. The 
longest anticline on the Tectonic Map is 
dwarfed b y  the longer axes o f  synclines. The 
great synclines o f  the Appalachians including 
the Massanutten syncline, Scranton basin, E l­
liott Knob syncline, M cClung syncline, Johns 
Creek syncline, Angels Rest-Butt Mountain 
synclinorium . E ast R iver M ountain synclino­
rium, H urricane R idge syncline, Greendale 
synclinorium , K im berling basin. Bays M oun­
tain synclinorium , Coosa syncline, and Ca­
tawba basin dw arf all the associated anticlines.
B y m ost reckonings, the “ thrusts”  o f  the 
Southern Appalachians are interpreted as 
“ up-”  and “ overthrusts”  a regional shearing 
phenomenon illustrating another type o f  re­
sponse to upward yield o f compressed beds. 
W hether this interpretation is correct is de­
batable. That it is the only reasonable expla­
nation fo r  “ thrusting”  is indefensible from  
present knowledge.
I f  differential downwarps produced the be­
ginnings o f our great synclines while deposi­
tion was in progress (Cooper, 1961, 1963, 
1964), thrusting could have been initiated by a 
bordering zone o f differential subsidence 
which may have encouraged structurally 
higher beds bordering the basin to peel off and 
move over the downwarped syncline, shutting 
off further sedimentation. This possibility for 
“ do-it-yourself thrusting”  by  downwarping of 
adjacent overridden areas which would make 
“ overthrusting”  easy removes m ost o f  the pro­
found mechanical difficulties o f  “ up thrusting” 
or ram ping up o f  great blocks. It also removes 
any necessity fo r  transm itting deform ing 
stresses across the Appalachians from  the area 
o f the Blue Ridge. That this m ode o f  local 
generation o f “ thrusts”  is applicable seems 
to me to be demonstrated by some o f  our great 
synclines, such as the Blacksburg-Pulaski syn­
clinorium  (Cooper, 1963).
The structural condition in the Blacksburg- 
Pulaski synclinorium  illustrates a not uncom­
mon situation with 1) older “ overthrust” 
rocks occupying the core o f  a syncline, 2) 
these beds lying in virtual structural paral­
lelism w ith the younger, underlying indige­
nous beds, and 3) the older overriding beds 
separated from  the indigenous beds by what 
is obviously a bedding-surface “ thrust”  whose 
synclinal flexure conform s approxim ately with 
the structure o f  both overrid ing and overrid­
den beds.
F igure 7 illustrates this condition as it oc­
curs in the Blacksburg-Pulaski synclinorium. 
The Clayton H ollow  fau lt (Cooper, 1939, 
1940) which cuts both the Pulaski fault and 
both overridden beds is typical o f  faults re­
sponsible fo r  m ost o f  the w indows in the Pu­
laski plate in the M ontgom ery-Pulaski County 
area.
The relations indicate clearly the follow ing 
chain o f  events:
(1) long, protracted sedimentation in the area 
o f the depositional syncline;
(2) overriding of the youngest (Mississippian) 
beds deposited in the area of the syncline







Fig. 7. Structure section and restored cross section of Blacksburg synclinorium, Giles, Pulaski, and Montgomery Counties, Virginia. Mssh— Mississippian 
sandstone and shale, Dssh— Devonian sandstone and shale, Ss— Silurian sandstone, Osh— Ordovician sandstone and shale, Olsh—Ordovician lime­
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by a body of Cambrian and younger rock 
whose bedding conform ed to the nearly 
flat overridden Mississippian strata; and
(3) subsequent downwarping o f the over­
thrust and overridden beds and interven­
ing “ thrust”  surface into a deep syncline, 
portions o f  which were so overturned as 
to be broken by a high angle fault that 
cut beds below the Pulaski thrust, the 
Pulaski thrust surface, and younger over­
ridden beds.
Such a complex situation signifies that ver­
tical movements— more specifically sharp, d if­
ferential downwarps— were the overshadow­
ing, m ajor tectonic feature o f  the Appalachian 
m iogeosyncline as it evolved into a geosyn­
clinorium. These selectively downwarped areas 
subsided not only before  m ajor thrusting but 
also after thrusting.
It m ight be added that the Pulaski “ thrust” 
nowhere cuts beds younger than the Chester­
ian Stroubles Form ation (Cooper, 1961, 1963). 
Except fo r  frictional drag and concurrent 
brecciation of beds close to the bottom  o f the 
displaced “ thrust”  block, the general parallel­
ism of the bedding in the overridden Stroubles 
Form ation with that o f  the main body o f over­
riding Cambrian beds signifies that at the time 
o f  thrusting the Stroubles beds were essen­
tially flat and undeform ed as were the over­
riding beds and the “ thrust”  surface separat­
ing them. There is no evidence whatever that 
the generation o f the Pulaski thrust was 
younger than M ississippian, but it is evident 
that the Blacksburg-Pulaski syncline contin­
ued to evolve after overthrusting as a con­
sequence o f axial downwarping sufficient to 
produce structural closures o f  about 3,700 feet 
in the Pulaski thrust surface (Cooper, 1963). 
Such evidence as presented suggests that not 
all Appalachian fo ld in g or fau lting occurred 
at the same time.
T H IN -SK IN N E D  V ER SU S  T H IC K -SK IN N E D  
D EF O R M A T IO N
Because o f rather voluminous prior discus­
sion of the m echanics o f  Appalachian d efor­
mation by Rodgers (1949, 1950, 1953, 1964), 
the w riter (Cooper, 1961, 1963, 1964), and 
Gwinn (1964 ), no review  o f  this polem ic ar­
gument o f  the Abscherung or decollement hy­
pothesis advanced by Rich, M iller, and Rogers 
versus the basement control and support of 
fo ld ing is needed. Rodgers believes the folds 
are largely superficial and developed in only 
the overriding master thrust masses with the 
strata and basement below le ft  immutable and 
free  o f involvement in the superjacent Appa­
lachian structures. Inherent in R odgers’ “ no
basement” hypothesis is the idea o f a post- 
depositional orogeny. Rodgers (oral com mu­
nication, October 16, 1966) still admits that 
his hypothesis is lacking in substantial proof 
as the regional explanation fo r  Appalachian 
deform ation, although Gwinn (1964) regards 
the case for  regional decollement deform ation 
essentially proven by recent deep drilling in 
the Appalachian folded belt. The w riter re­
gards the evidence fo r  gradual evolution of the 
main Appalachian folds (and faults) over a 
long period o f  time as self-evident, conclusive, 
and incontrovertible. He does not deny that 
decollement has been active here and there 
throughout the Appalachians, but he cannot 
accept the structural integration of all the 
folds and all “ thrust” faults into a unified 
tectonic pattern based on the existence of a 
master sole thrust. Nor does he believe that 
all the structures were form ed at the same 
time.
W hat is really needed is a deep test hole 
drilled in a position that would clearly deter­
mine whether an Abscherung zone underlies 
the folded Appalachians. The existence of an 
Appalachian-wide sole thrust as conceived by 
R. L. Miller (1945) and Gwinn (1964) re­
mains to be proven. U nfortunately no test 
hole in the southern folded Appalachians has 
gone deep enough to encounter basem ent! The 
w riter finds Abscherung deform ation possible 
only locally, as so eloquently illustrated on a 
dim inutive scale on the east wall o f New River 
Gorge in Giles County south o f Eggleston, V ir ­
ginia (F ig . 8 ) . There, the Abscherung zone 
is a prom inent bentonite in the Eggleston- 
M occasin succession. The structural control o f  
stratigraphic variation in the southern Appa­
lachian region is too clearly demonstrated to 
be ignored or denied. The structural geologist 
is not inclined to believe in structural control 
o f  stratigraphic variation. The w riter cannot 
believe in a late Paleozoic age fo r  all Appala­
chian structures. Both Rodgers and he believe 
that a well carried to basement on the Bane 
anticline would go a long way toward settling 
existing opposing ideas. M any aspects o f A p­
palachian structure cannot be finally settled 
until we have more subsurface data. The cen­
ter o f  the Bane anticline is the ideal place fo r  
scientific exploratory drilling because the shal­
low drilling that has already been done there 
has failed to demonstrate any decollement in 
or at the bottom  o f  the Rom e Form ation. As 
previously mentioned, the Rome conform s 
structurally w ith the Honaker and higher fo r ­
mations com posing this great anticline. I f  any 
decollement zone occurs at greater depth in
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Fig. 8. Disharmonic folding in the upper part of the Moccasin Formation, above a local bentonitic shale which 
has served as a decollement surface. The thickness of beds involved in the disharmonic folding is about 50 feet. 
Note fan cleavage in tightly folded bed in the syncline. (Gathright)
older form ations, it would be surprising be­
cause the Rom e is the oldest form ation  ex­
posed along any of the exposed “ thrusts”  west 
o f  the Chilhowee belts o f outcrop. The main 
body o f  rock, over a 1,000 feet thick in the 
No. 1 Strader test, was dolomite that in color 
and texture resembles the Shady Dolom ite that 
normally underlies the Rome. The bottom  few  
feet o f the Bane test well showed sandstones, 
and it is not at all unlikely that these sand­
stones are low er Shady or pre-Shady rocks. 
Because the Chilhowee Erw in quartzite nor­
mally underlies the Shady Dolom ite, it is prob­
ably that the sandstone is o f  Chilhowee age.
From  what already is known about the rocks 
under the Rom e shales in the Bane anticline, 
it would appear a strong possibility that the 
basement rock is closer to the surface there 
than at any other southern Appalachian loca­
tion. It is doubtful that a thick succession o f
the Chilhowee. Group persists westward as fa r  
as the Bane anticline o f  Giles County, so that 
the top o f  the Precam brian basement may be 
within 2,000 feet or less o f the surface. XJntil 
we know the nature and character o f  all the 
pre-Rom e strata, we will not know whether 
there is a still lower shale or evaporite zone 
where decollement could take place. I f  future 
deep drilling to basement iii the Bane anti­
cline discloses no lower, hitherto, undiscovered 
shales or evaporites suitable fo r  Abscherung, 
then the concept o f  a regional sole fau lt under 
the Appalachians will have to be abandoned, 
because such a sole fault to explain Appala­
chian structures must be everywhere i f  it is 
anywhere under the whole width o f  the A ppa­
lachians. Thus the Bane anticline looms as a 
particularly fine location fo r  settling the con­
troversy over the nature and cause o f  Appa­
lachian deform ation.
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Fig. 9. Pride Shale Member of the Bluestone Formation 11.4 miles west of Princeton Gate on West Virginia Turn­
pike. A large “ slug” of shale with contorted structure and brecciation at the bottom has slid down a trough (toward 
the viewer). Motivation of the “ slug”  is believed to have been gravity acting on a gentle depositional slope down 
into the Hurricane Ridge syncline of deposition. (Gathright)
Fig. 10. Close-up of portion shown in Figure 9 showing details of the lower portion of the motivated “ slug.” (Gath­
right)
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P E N E C O N T E M P O R A N E O U S  A D JU STM EN T  
STRUCTURES
One long overlooked facet of Appalachian 
geology that deserves serious attention o f both 
stratigraphers and structural geologists is the 
pre-consolidation slump structures which de­
veloped by movement down prim ary deposi­
tional slopes or on differentially downwarped 
depositional floors. The structural geologist is 
too often inclined to take the beds fo r  granted, 
to  discount stratigraphic data as not pertinent 
to  the area o f his interest and concern. Pre­
consolidation slump folds and faults are a part 
o f  the structural picture as well as o f  the 
stratigraphy. Such m inor structures may give 
a clue to  the inception of m ajor structures. 
They are far more common than most geol­
ogists realize. W hat has impressed me most 
from  personal observations is that wherever 
there are extensive, completely exposed sec­
tions o f  form ations, there are generally abun­
dant evidences o f  slump structures. The over­
whelm ing m ajority o f  those the w riter has 
seen are slumps that took place in directions 
that w ere structurally down dip or down 
plunge. Perhaps the finest example o f associ­
ated down-slope slump phenomena has been 
exposed by prelim inary excavations fo r  a new 
throughway across Red Mountain in Birm ing­
ham. The cuts are described briefly in the 1965 
fieldtrip guidebook o f  the Alabama Geological 
.Society by  T. J. Carrington and W. A. Thomas 
o f  Birm ingham -Southern College. N o b rie f ac­
count o f  all the penecontemporaneous slump 
structure and also post-consolidation, down-dip 
slip o f bodies o f  sediment could do justice 
to  these magnificent fresh exposures. These 
structures can be photographed now  probably 
better than any other display, because o f  the 
freshness o f exposures. The structures include 
fantastic slump folds, many small normal 
faults w ith  self-evident proof o f actual as well 
as relative movement, and drag effects. Down- 
dip structures are indication o f  down-dip mass 
movement o f sediment in the pre- and post­
consolidation stages o f  deposition.
Another m agnificent display o f  penecontem­
poraneous down-slope slump of sediment oc­
curs ,jn the Pride Shale exposed on Interstate 
Route 77 on the W est V irgin ia  Turnpike 11.4 
miles w est o f  the Princeton, W est V irgin ia  
Gate (F ig s .9-11). The illustrations reproduced 
here from  the Geological Society o f  America, 
Grand Appalachians Excursion Guidebook 
(Cooper, 1961) illustrate conclusive proof that 
these curious fault systems were penecontem­
poraneous and were the result o f  mass differ­
ential m ovem ent o f  partially consolidated sedi­
ment down toward the axis o f  the great H ur­
ricane R idge syncline.
In other parts o f  the same downfold, ju st 
northeast o f  the M ercer County A irport on 
Road 25/3 just below the borders, the Penn­
sylvanian outline in the structurally deepest 
portion o f  the H urricane R idge syncline, up­
permost red beds o f  the Bluestone Form ation 
(post-E lvira, M ississippian) are fantastically 
slump folded with curious “ angular diastems”  
showing between deform ed “ slugs”  o f  rock and 
overlapping less deform ed beds (F ig . 12 ). 
Beds with local dips o f  90 degrees in an other­
wise generally nearly horizontal position s ig ­
n ify  penecontemporaneous slump in grow ing 
depositional synclines.
A  third area fo r  view ing fantastic digitate 
pre-consolidation fo ld in g  is in the rim  rock 
o f the Jamison Black Marble Company’s 
quarry in northwest H arrisonburg, R ocking­
ham County, V irg in ia  (F igs. 13-16). This 
quarry is located on the southward plunging 
end o f  a m ajor anticline which fades out 
southward into a broad syncline in the E din­
burg Limestone o f  Champlainian age. The 
bedrock is a black high-carbonate rock that 
contains m odestly thin layers some o f  w hich 
slumped down prim ary slopes on the then 
prevailing depositional floors that were being 
differentially downwarped during deposition.
Such structures present additional evidence 
o f  sediment adjacent to grow ing structure 
which evolved as deposition took place, and 
they deserve comprehensive and detailed study 
and analysis. They are part o f  the stratigra­
phy and the structure. One does not have to 
be very venturesome to suspect that evidences 
o f penecontemporaneous slump fo ld in g and 
fau lting in the Appalachians have hitherto 
been ignored because people simply were not 
looking fo r  them and because they were op­
erating in a fram e o f  reference rigged by 
unwavering belief that the beds remained flat 
until late Paleozoic Appalachian fo ld in g  took 
place. W e seldom see all that is apparent un­
less all o f  it fits into our fram e o f  reference.
H O W  W ERE  A P P A L A C H IA N  FO LD S  
A N D  FAULTS F O R M E D ?
This m ighty poser plagues any and every 
Appalachian geologist. It is natural and to 
be expected that explanations fo r  Appalachian 
fo ld in g will be diverse and varied fo r  many 
years to come. There are overwhelm ing c ir ­
cumstances that will prevent us from  reaching 
final answers very quickly. F or one thing, 
probably less than 10 percent o f  the areal 
geology o f  the Appalachian belt has been
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Fig. 11. Pride Shale at 11.5 miles west of Princeton Gate, showing south border of another “slug.”  Note even 
overlapping o f the displaced slug and bordering shale masses by cover of shale (exposed on vertical face above 
shelf on cut). (Gathright)
Fig. 12. Angular diastems in the upper part of the Bluestone Formation along Road 25/3 near junction with 
Virginia Highway 75 near Bluefield-Mercer County Airport. The deformed beds are near the trough of the Hurri­
cane Ridge syncline. (Gathright)
Fig. 13. Southeast face of Jamison Black Marble Company’s quarry 1 mile northeast of Harrisonburg. Note steep 
dips and sharp folds in middle zone, which are disharmonic with the middle zone. Creep of the middle zone while 
it was in the hydroplastic state was to right and down the plunge of a major anticline. (Lowry)
Fig. 14. Fantastic digitation structures produced by down-plunge creep of limestones prior to consolidation in 
Jamison Black Marble Company’s quarry.
Fig. 15. Fantastic digitation folds to left of beds shown in Figure 14. Note variation in thickness of beds in various 
parts of the structures. (Lowry)
Fig. 16. Curious microfractures associated with fantastic slump folds in Fdinburg Limestone in Jamison Black 
Marble Quarry.
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mapped reliably in modern detail. In this 
great, challenging region, one is lucky to find 
a quadrangle in which much more than 1 per­
cent o f the total surface area constitutes bare 
bedrock. Thus, even the most cautiously con­
ceived “ fa c t ”  map is not free o f inference. As 
B. L. M iller (1944) so clearly stated, a geo­
logic map which at best is largely inference 
cannot safely be taken as a basis o f  fact that 
corroborates the m apper’s interpretations of 
the structure. M ore quadrangles must be 
mapped and remapped by people with their 
eyes and minds open to see what there is to 
see. Many phases o f our science ow e the auto­
m obile a debt o f  gratitude fo r  impelling ever 
m ore road construction and great new ex­
posures o f  rock that can be studied.
W e should be thankful also fo r  the gradual 
accumulation o f  well and drill-hole data. The 
truth is that the lim ited exposure o f  rocks in 
the Appalachians are not enough to satisfy 
the diligent student o f  stratigraphy or struc­
ture. The third or vertical dimension can read­
ily be m isconceived and m isinterpreted from  
factual 1 to  5 percent knowledge o f  the bed­
rock geology, as gleaned from  study o f all the 
outcrops. Appalachian geology cannot be cor­
rectly interpreted until we have w ide coverage 
o f  areas, preferably banks o f quadrangles 
mapped by  many different geologists each with 
his own ideas and ingenuity. Only then will a 
true appreciation o f geologic conditions be 
possible. N ew  topographic maps abound, but 
all too few  are being used as bases fo r  new 
detailed geolog ic maps.
Stratigraphy, often a more bungled than 
enlightened field o f  Appalachian geology, 
needs and deserves better treatm ent than it 
generally gets. One can hardly expect to solve 
stratigraphic problem s on a regional basis 
before  they have been understood on a local 
basis. All o f  us are fam iliar w ith  regional 
stratigraphic studies based on sections many 
o f  which are 20 miles or more apart. W hat else 
could be conceived from  such a study except 
broad regional changes? This does not mean 
that the variations are necessarily as described 
or interpreted. But w ith  our present profes­
sional disposition to downgrade local work and 
upgrade regional studies, a regional study 
based on sparse data is considered to consti­
tute a b igger geolog ic picture and, therefore, 
is m ore o f  a scientific contribution. Some o f 
us object to  this w idely held view . Detailed 
w ork  will disclose new dimensions to complex­
ity  that regional studies carried on by the 
“ hop, skip, and jum p”  approach can never 
discover.
lii a typical Appalachian 7^ -m in u te  quad­
rangle with perhaps 35 “ exposed” , mappable 
stratigraphic divisions, how  many sections 
would have to be measured before one had 
a truly reliable basis fo r  concluding any given 
form ation  has uniform  thickness throughout 
the area o f study, or a definable vector to 
thickening or thinning. T o  relate a sad per­
sonal experience that bears on the inadequacy 
o f our view o f  stratigraphic variation  may 
serve a useful purpose. I recently talked to a 
young geologist w ho had mapped a certain 
Appalachian quadrangle and I asked him, 
“ How thick is form ation  ‘X ’ in your quad­
rangle?”  His reply was, “ D idn ’t you know  that 
form ation  ‘X ’ has been accurately measured 
in a nearby area?”  (tw o quadrangles and 30 
minutes o f longitude removed from  the one he 
had stu d ied ). Alas, beds cannot be trusted that 
far. The remark is sym ptom atic o f  a basic 
prem ise that is utterly false, namely, that 
stratigraphic variations are characteristically 
regional in scope rather than local. One will 
obtain a whole new  view  o f  Appalachian 
stratigraphy i f  he makes detailed m easure­
ments o f  units on a local scale mile by  mile.
Contrary to popular opinion the structure 
o f  an area cannot be divorced from  the stra­
tigraphy. The structure is what it is, at least 
in part, because o f  the stratigraphy. A nd the 
stratigraphy is not uncommonly affected or 
controlled by structure. There are relation­
ships. Much structural h istory can be read 
from  the beds themselves. Anyone w ho be­
comes preoccupied with one to the exclusion 
o f  the other will derive false notions about 
Appalachian geology. ‘
New, even radical, ideas need to be inter­
jected lest we accept inadequate pat answers 
to “ super-pat”  problem s. Perhaps some o f  our 
reasoning should be in terms o f  w hat can 
readily be dem onstrated and backed up by 
solid evidence, and another part phrased in 
terms o f  m ore intuitive reasoning. Some 
chance remark m ay even in a reckless, wild 
concept lead som eone to re-exam ine old data 
and find something new.
Som e o f  our concepts o f  Appalachian geol­
ogy are little m ore than a “ house o f  cards.”  
The specious reasoning that was necessary to 
conclude that all Appalachian deform ation oc­
curred in terminal Paleozoic tim e needs to be 
re-exam ined as suggested by  Spieker (1956). 
The enigm atic Dunkard beds, even though 
they m ay be Perm ian— although Pennsylva­
nian is more plausible— are simply the young­
est preserved beds in a great depositional 
basin (the Cum berland-Allegheny synclino-
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riu m ). The basin in which the remnant Dunk­
ard succession is preserved is a depositional 
basin, not a syncline form ed by the stress 
systems that created, fo r  example, the Blue 
Ridge faults, or the Saltville thrust, or the 
Burkes Garden anticline of southwestern V ir ­
ginia ’ s folded  Appalachians. N or does it even 
mean that the rem arkable H urricane R idge 
syncline along the northwestern edge o f the 
folded Appalachians along N ew  River in V ir ­
ginia and W est V irg in ia  was form ed in the 
same squeeze or by the same spasms of tan­
gentially directed stress from  the southeast 
as deform ed the Austinville syncline on the 
faulted side of the folded Appalachians.
The concept of a terminal Appalachian o ro g ­
eny that form ed all the fold and fault struc­
tures of the Appalachian sedim entary belt at 
the same tim e is, I fear, largely a figment o f 
our im agination— holdover o f  the long ou t­
moded concept that fo ld in g and faulting occur 
only in a catastrophic orogeny. It is suggested 
that the reader analyze very carefu lly the best 
of the traditionally conceived accounts fo r  the 
chronology of Appalachian deform ation, as 
given in P . B, K in g ’s U.S. G eological Survey 
Professional Paper 311 (1960) and then stop 
to consider what would happen to these ideas 
if  K /A r  dates on basement involved in the 
Iron M ountain-H olston M ountain thrust ind i­
cated the last tectonic resetting o f  the argon 
clock occurred in Middle Ordovician time.
In the Crockett Cove area, W ythe and Bland 
Counties, V irg in ia , there is a very interesting 
and clearly defined beginning o f  the differen­
tial dow nw arping that gradually evolved into 
the Crockett Cove anticline and Queens K nob 
syncline w hich borders it on the southeast 
(W ebb and Cooper, 1963). N one o f the beds 
up to the top  of the K nox D olom ite shows any 
appreciable stratigraphic thickness variation 
in the area, but beginning w ith  the Champ­
lainian and continuing upward as fa r  as strati­
graphic m easurements can be made (Silurian 
System) th e  strata show thickness and litho­
logic variations that exhibit definite control 
by the Crockett Cove anticline Queens Knob 
syncline. The logical conclusion to draw is that 
in that area, fo ld in g  began as a consequence 
o f differentiaL downwarping in Champlainian 
time.
In the Austinville syncline and bordering 
anticline to the south, the differential down­
warp must have begun in Early Cambrian 
time. In the H urricane R idge syncline on the 
opposite side o f  the valley, the differential 
vertical movements leading to in itiation of 
that syncline o f  deposition must not have 
begun until Middle M ississippian time 
(Cooper, 1961, 1964; Thomas, 1966).
The structural control o f stratigraphic 
thicknesses and facies variations suggests that 
the m ajor folds owe their origin  and localiza­
tion to vertical movements of a differential 
nature that m ust have acted while strata were 
still accum ulating. These vertical movements 
surely must have involved the basement. The 
m ajor folds o f  the Appalachians, therefore, 
can be expected to be reflected by structural 
relief on the top o f  the basement. Continued 
subsidence can and eventually must result in 
attenuation o f beds and faulting by which the 
detached flap o f  strata rides up and out over 
the beds o f  the adjacent syncline. The struc­
tures actively form ed  by these vertical move­
ments are the synclines. D eform ation  in the 
folded Appalachians is prim arily by down­
fold ing rather than upfolding. The more sub­
sidence there is the m ore com pression is 
generated by that downward movement. The 
dominant force  in Appalachian deform ation 
is vertical, and tangenital com pressive stress 
is im portant but secondary to that movement. 
The folds and faults developed at different 
times, the oldest in the Cambrian, the young­
est in M ississippian and Pensylvanian time.
The Appalachian folded belt o f  V irginia, 
Tennessee, and G eorgia contains numerous ex­
amples o f  folded thrust sheets such as is in­
dicated by the H olston M ountain-Iron Moun-
Fig. 17. Cross section of Holston Mountain-Iron Mountain block,, showing pronounced syncline in the master 
fault under Shady Valley and inferred arch of fault over Mountain City window. Oj— Jonesville Limestone, 
Cc— Conococheague Limestone, Cel— Elbrook Formation, Cr— Rome Formation, Cs—Shady Dolomite, Ce— 
Erwin Quartzite, Ch— Hampton Formation, Cu—Unicoi Formation, and pCb— Precambrian basement rocks.
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Fig. 18. Locust Cove syncline in indigenous Mississippian formations 11 miles northeast of Saltville. The indi­
genous syncline was overridden by the Saltville block and portions of the latter down-folded into the trough as 
a result of vertical forces that continued to act after overthrusting. The main overthrust block of Cambrian dolo­
mites carried along with it a great horse of Mississippian-Devonian shale-siltstone-sandstone beds.
tain block (F ig . 17) w i^th its M ountain City 
w indow and synclinal salient, the Shady Val­
ley thrust block (F ig . 5) which fram es the 
w indow  on the northwest side. The Pulaski 
thrust block contains sim ilar great downfolds 
in the N ew R iver district, and in one o f these 
downfolds (the Blacksburg-Pulaski synclin­
orium ) the structural closure on the folded 
surface o f  fault displacement exceeds 5,000 
feet. In Locust Cove, Symth County, V irginia, 
the outer edge o f  the Saltville block, composed
o f Cambrian dolom ites and shales, is  down- 
folded into a peculiar syncline in the overrid­
den M ississippian form ations (F ig . 18). In 
G eorgia, Butts and Gildersleve (1948) de­
lineated two synclines that have infolded Cam­
brian rocks in the centers o f  deep synclines in 
indigenous Carboniferous and older strata. 
The Pulaski thrust block in the Blacksburg- 
Pulaski area contains seven windows, six o f  
which are bordered on the northwest side by 
relatively high-angle reverse faults that cut
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not only the overthrust block but the beds 
overridden by the Pulaski block. In nearly 
every case, the general structure o f  the over­
thrust rocks and overridden strata is essen­
tially the same as that o f the thrust that sep­
arates them. Thrust blocks m otivated by tan­
gential “ p lunger”  action, as envisioned by 
Rodgers, or by  gravity-induced movement 
(Cooper, 1963) im ply several m echanical con­
ditions that are noteworthy. The surface  be­
tween the overrid ing block, regardless o f what 
has m otivated it, and the overridden block 
form s a d istinct stress discontinuity which 
is the fau lt surface  itself. Over-thrusting, 
therefore, im plies shallow m echanics, w ith the 
lower rocks im m utable. W here decollement- 
type overrid ing has occurred, the overriding 
rocks are disharm onically folded  and faulted 
as they override the block below  w hich is sup­
posed to rem ain immutable and uninvolved in 
the deform ation.
Folded thrust sheets, therefore, pose a me­
chanical problem , especially in those instances 
w here the overridden strata, the “ thrust”  
fau lt surface, and the overthrust strata are 
all folded in the same structure. In order fo r  
folded (and fau lted ) thrusts to be form ed, 
conventional interpretations would require 
that the tangential, relatively shallow, plunger 
action that impelled the thrust blocks to move 
and override had to be term inated. Subse­
quently a new set o f deeper acting tangentially 
directed forces  had to deform  both blocks with 
the old low -angle thrust fau lt surface no 
longer a significant locus o f  stress discon­
tinuity. Such a change in the stress field from  
shallow or “ thin-skinned” tecton ics to d iffer­
ent situations that deform ed both blocks is 
m echanically possible but unlikely.
I f  m ajor synclines are generated gradually 
by differential downwarps o f the floor o f  depo­
sition, that is, by  vertical forces , then con­
tinued subsidence o f a syncline o f  deposition 
could not only attenuate a lim b o f  the fold  
and ultim ately rupture it by stretching, but 
continued subsidence could make it m echanic­
ally easy fo r  the detached or  faulted beds to 
ride out over the sinking structure. The m ore 
the adjacent syncline sank the lower the angle 
at w hich the overrid ing beds ride out over the 
syncline. W hen overrid ing o f  older rocks out 
over the entire syncline has term inated depo­
sition, continued axial dow nw arping would 
develop great synclinal folds in the once very 
low-angle “ thrust”  surface like those enu­
merated. And i f  dow nw arping continued even 
longer, eventually a second attenuation o f  a 
lim b of the enlarging synclines expectably
could initiate the kinds o f  high-angle reverse 
faults that cut so m any o f  the windows in the 
Pulaski block, such as the w riter has described 
on D raper M ountain (Cooper, 1939) and in 
th e  P u lask i-R adford -C hristiansburg a r e a  
(Cooper, 1963). A ll these steps in structural 
evolution require but one fundam ental stress 
situation characterized by differential vertical 
movements.
The folds in the general section o f the A p ­
palachians discussed here seem to the w riter 
to be the result o f dom inantly vertical forces 
engendered by  differential crustal subsidence. 
Great horizontal displacem ents o f  thrust sheets 
by  plunger-action tangenital stresses pose seri­
ous m echanical difficulties. On the other hand, 
i f  a m ajor syncline is downwarped thousands 
o f  feet more than the area bordering it, there 
will inevitably com e a tim e when the superior 
portion  peels off along some shale or evaporite 
bed and moves by grav ity  down, outward, and 
over the depositional syncline (Cooper, 1963). 
G ravity sliding is m echanically feasible, be­
cause the fo rce  o f grav ity  vectored down the 
surface o f glid ing acts upon every part o f  the 
m oving mass. The m otivating fo rce  does not 
have to be transm itted m any miles through 
and across the overrid ing sheet.
I f  m obilization o f  the B lue R idge as a great 
rising welt began in Ordovician tim e as seem­
ingly demanded by polym ictic conglom erates 
such as occur at F incastle and Avens Ford, 
then there would be a ready explanation fo r  
the preferential northw est overturning o f  
folds and preferentia l developm ent o f south­
easterly dipping faults. I f  much o f  the Blue 
R idge was raised as a h igh  m assif in Ordo­
vician tim e and i f  it  rem ained relatively high 
during the rest o f the Paleozoic, a lateral force  
created by the tendency o f  mass to spread 
laterally would be directed northw estward 
against the beds accum ulating in the adjacent 
m iogeosyncline, and conceivably this mass 
effect could have been great enough to encour­
age overturning o f fo lds and rotational effects 
that would fa v o r  developm ent o f  preponder­
antly southeasterly d ipping faults.
A  TYP ICAL C R O S S  S E C T IO N  O F  THE 
FO LD ED  A P P A L A C H IA N S
E arly in 1965, G eotim es  (Badgley, F ischer, 
and Lyon, 1965) reproduced an illustration o f  
a new type o f  radar im age o f  a portion  o f  
southwestern V irg in ia  that was obtained from  
an A ir  Force a ircra ft  (F ig . 19 ). The “ photo­
graph”  in G eotim es  attracted m y attention 
because it was printed upside down. The cen­
ter o f  the rem arkable im age is Burkes Garden
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Fig. 19. Air Force radar image of large section of folded Appalachians (above 8,000 square miles). Great abundance 
o f structural detail shown. Clay tor Lake and New River on lower right, with Blue Ridge area of crystalline rocks 
near southeastern corner of picture. Note diagonal Russell Fork fault of Cumberland overthrust block in middle 
upper left section. At south end of this fault cleft in coal-bearing Pennsylvanian formations is Big A  Mountain 
composed of Clinch Sandstone. High southeasterly ridge with sinuous ridge crest is Walker mountain in Bland and 
Wythe Counties. Diamond-shaped mountainous area to south is Lick Mountains (indigenous Erwin high-silica 
orthoquartzites). To northeast is Draper Mountain, a breached window in the Pulaski overthrust block. To north 
and northwest is Crockett Cove area. Most of mountainous areas north of Walker Mountain are in synclinoria. 
(Reproduced from Geotimes, September, 1965)
(Cooper, 1944), a h igh  dome o f  Tuscarora 
Sandstone, w ithin w hich the valley form ations 
show m ore structure. The details revealed by 
this rem arkable radar im age are truly out­
standing. All the m ajor fo lds and faults can 
be discerned. Thin knob-m akers such as the 
H untersville Chert and N olichucky Shale are 
readily discernible. The “ photograph” spans 
the entire width o f the Appalachian belt from  
the Blue R idge to the Cum berland-Allegheny 
Plateau. The Russel F ork  fau lt that bounds the 
great Cumberland overthrust block on the 
northeast is clearly shown. The inlier o f  Knox 
D olom ite in Burkes Garden is precisely the 
ligh t colored elongate area on the southeast 
side. The im age reproduced here can be stud­
ied along w ith the Appalachian cross section 
shown in F igu re  4A, which is drawn much as 
Butts conceived the structure on the “ Geo­
log ic  M ap o f  the Appalachian Valley” , pub­
lished as V irg in ia  G eological Survey Bulletin 
42 in 1933. The faults are shown as indepen­
dent unrelated breaks. There are seven syn­
clines and six anticlines. The overall structure 
is a regional synclinorium .
F igure 4B shows the same structural cross 
section except that the faults are tied together 
as part o f  a great sole fau lt or decollement. 
Considerable liberties had to  be taken in pre­
paring this interpretation, because the Rome 
Form ation  o f  Low er Cam brian age is the only 
possible A bscherung zone. N early every one 
o f  these structures exerted a control on thick­
ness and character o f  the beds deposited. 
Starting w ith the Pocohontas syncline on the
northwest, the thickness o f  the Pocohontas 
coals and enclosing sandstones and conglom ­
eratic orthoquartzites o f  the lower Pottsville, 
Lee Form ation, is definitely greater in the 
trough  than farth er up on either flank. The 
Pocohontas syncline, youngest o f those shown, 
developed from  a portion  o f the foreland shelf 
that sloped down in M ississippian tim e into 
the H urricane R idge syncline. The hinge line 
between the two synclines is the faulted A bbs 
Valley anticline in w hich no structural control 
o f the stratigraphy o f  its M ississippian rocks 
is evident. The H urricane R idge syncline is a 
classic example o f  the structural control o f 
stratigraph ic thickness (Cooper, 1961, 1964; 
Thomas, 1966).
The next b ig  structure to the southeast is 
the East R iver M ountain synclinorium  char­
acterized by  a thickened section o f  the beds 
above the K nox D olom ite and particu larly in 
the S ilurian and Low er Devonian. The faulted 
anticlinal structure between Buckhorn R idge 
on the south flank o f  the E ast R iver M oun­
tain synclinorium  and R ich  M ountain shows 
abundant desiccation m arkings and shallow 
w ater ripple m arks in the low er K nox D olo­
m ite and a thinner O rdovician section on the 
south side o f  the anticline along the northw est 
base o f  R ich  M ountain. The tigh t syncline be­
tween R ich  and Garden M ountains, the W olf 
Creek syncline, has a th icker Silurian section 
in the axial portion  and also a th icker D evo­
nian section, especially the Low er Devonian. 
Burkes Garden (F ig . 20) contains the th in ­
nest developm ent o f  M iddle O rdovician beds
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Fig. 20. Cross section of folded Appalachians through Burkes Garden, as delineated by Butts (1933) on Cross 
Section F-F'. C, O, S, D, M, and P refer to Cambrian, Ordovician, Silurian, Devonian, Mississippian, and Pennsyl­
vanian. Ccr— Copper Ridge Dolomite, Cc—Conococheague Formation, Cel—Elbrook Formation, Cn—Noli­
chucky Shale, Chk— Honaker Dolomite, Cr—Rome Shale, Cs—Shady Dolomite, Ce—Erwin Quartzite, Ch— 
Hampton F"ormation, Cu—Unicoi Formation, Cbq— Chilhowee rocks undivided, and pCb—Precambrian base­
ment rock.
of any belt, and the overall thickness from  
the top o f  the Knox to the top o f the T us­
carora is about 40 percent thinner than in 
the adjacent W olf Creek syncline. The Knox 
beds exposed in the anticline in Burkes Garden 
is not known to contain any Mascot equiva­
lents, and the overlying B lackford Formation, 
always thickest in synclines, is represented 
only by about 10 feet o f  gray shale normally 
form ing the topmost beds o f the Blackford. 
From this succession, it would appear that the 
Mascot part of the upper Knox was stripped 
off this area during the late Canadian-early 
Champlainian eustatic drop in sea level that 
bared the anticlinal swell to erosion and karst 
development. The emergent condition of this 
high is further indicated by the fact that only 
the highest beds of the lower Champlainian 
Blackford Form ation occur. The Kimberling 
syncline ju s t  southeast o f  Burkes Garden con­
tain well over 5,000 feet o f  Devonian beds 
which is an abnormal thickness fo r  this part 
of V irg in ia  (Butts, 1940, p. 460 ). South o f 
the Saltville fault, the northwest flank o f a 
great syncline is well exposed in the gorge o f 
New River. The axial portion o f the Black- 
burg-Pulaski synclinorium shows an abnor­
mally thick succession o f  form ations from  the 
M artinsburg up to the Parrott Form ation 
(Cooper, 1964, p. 104). The Crockett Cove an­
ticline and Queens Knob syncline illustrate a 
remarkable structural control o f the stratig­
raphy from  the Knox up at least as far as the 
Silurian System.
Both the Crockett Cove anticline and the 
Draper M ountain anticline show axial th in­
ning o f  the form ations, especially o f  the S ilu­
rian sandstones.
The Pine Ridge syncline north o f W ythe­
viile contains unsorted polym ictic grits and 
sandy siltstones totally unlike the equivalent 
graptolitic shales and limestones exposed in 
Burkes Garden. The Pine R idge syncline also 
contains a fu ll Knox Dolomite section, includ­
ing the M ascot Dolomite.
The Lick Mountains, a short quadrilateral 
faulted anticlinorium , are composed of a very
different facies o f the Erwin Form ation than 
occurs anywhere to the southeast. The Erwin 
contains a clean, partly well-rounded sand and 
represents a shallower-water deposit than the 
sulfide-bearing Erw in of the belts to the south­
east.
The great Austinville syncline just north 
o f Ivanhoe and Austinville shows an abnormal 
section o f the Shady, which is 50 percent 
thicker than the Shady farther southeast and 
northwest. The Austinville anticline immedi­
ately to the south is studded with reefy beds 
including Archeocyathus. Thus, the m ajority 
o f  the folds in one way or another reflect 
definite relations between the stratigraphy and 
structure.
Judging from  the date o f inception o f  struc­
tural control on the thickness and facies de­
posited in different portions o f the folded belt, 
as revealed by the stratigraphic level where 
the beds begin to thicken in synclinal troughs 
and thin over structural highs, some Appa­
lachian folds such as those in the Austinville 
area must have begun to take form  in Cam­
brian time, whereas, those on the west side 
o f the folded belt did not begin to form  until 
M ississippian time.
Am ong the thrust faults, those on the north­
west side— Boissevain and Richland faults—  
did not form  until Pennsylvanian time because 
they cut beds o f that age. The Pulaski 
“ thrust”  block very probably moved out over 
the subsiding Blacksburg-Pulaski synclino­
rium in early Chesterian time. It would appear 
very likely that the Blue R idge or Iron Moun­
tain “ thrust”  was developed in Middle Or­
dovician time, as previously shown.
Hence, the folded belt developed gradually 
over a long period o f  time, and the m ajor 
structures developed not by  upward yield to 
a plunger-type thrust action foreshortening 
the beds but by  downward differential sub­
sidence. It cannot be denied that some defor­
mation was as late as Alleghenian, but there 
is nothing to indicate a Permian age fo r  any 
Appalachian fold.
The western side o f  the Appalachian struc-
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Fig. 21. St. Clair fault in Narrows of New River. Hanging wall rocks are Ordovician dolomites (Knox); shales 
beneath fault are Broadford-Parrott beds (overturned and upside-down). Probably best exposure of a major 
“ thrust” in the southern Appalachians. Between Narrows and Rich Creek, Giles County, Virginia. (Gathright)
Fig. 22. Overturned ledges of Mississippian Greenbrier Limestone along southwest wall of New River Gorge 
across from Rich Creek, Virginia. Ledge-makers are oolitic and micritic limestones separating impure beds that 
do not crop out so well. (Gathright)
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Fig. 23. Detail of contorted, faulted succession of Hinton Formation exposed along northeast side of Narrows of 
New River just downstream from Rich Creek; correlates with part of cross section shown in Figure 24. (Gathright)
tural fron t is nowhere more sharply defined 
than in the Narrows o f  New River, near Rich 
Creek and Glenlyn, Giles County, V irginia. 
There the beds northwest o f the great St. Clair 
fault (F ig . 21) are overturned near the over­
riding Canadian dolomities. A s exposed along 
the southwestern side o f  the river a short dis­
tance downstream, the ledge-makers o f the 
Greenbrier Group o f  limestones are only 
slightly overturned (F ig . 2 2 ). Just down­
stream from  Rich Creek Station on the north­
east side of N ew  River, there is a fine section 
o f  the H inton (late Chesterian) Form ation 
across an unbelievably sharp structural fron t 
(F igs. 23 and 24 ). The exposures are now 
along the east-bound fre igh t line o f the N or­
folk  and. W estern Railroad, but for  future 
reference it should be mentioned that the pres­
ent railroad will be replaced by new U.S. H igh­
way 460 within a short time. Some modifica­
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tion  o f these excellent exposures is th erefore  
inevitable. C ontinu ing northw estw ard up sec­
tion  in th is grea t cu t fr o m  the Stony Gap 
Sandstone M em ber, the com plex structures 
evident in the H inton  (p ost-E lv ira  M issis­
sipp ian ) are p erfe ctly  shown. But as one looks 
at the m ost com plicated  structures w ith  one 
glance, his peripheral v ision  catches s igh t o f 
the abrupt “ r ig h tin g  o f the beds”  som e 300 
fe e t  to the w est (d ow n g ra d e ; beyond w hich 
the general dips are all o f  a d ifferent form  
and pattern  across the broad H u rrican e syn­
cline and beyond in to  the A ppalachian  Coal 
Basin.
A t G lenlyn, the overturned m ud-cracked 
H inton  beds pass northw estw ard  into essen­
tia lly  fla t-ly in g  righ t-s id e-u p  beds w ith in  a 
d istance o f  only 100 fe e t ! A s  Thom as (1966) 
has show n, the H urricane R id ge  syncline is a 
grea t depositional syncline that began to de­
velop in M iddle M ississipp ian  tim e. T his syn­
cline included also E arly  Pennsylvanian  de­
posits. T h e  fo rm  and con tou r o f th is syncline 
w ith  its nearly 6,000 fee t  o f  closure is largely, 
i f  not w holly, the consequence o f th icken in g  o f 
M ississipp ian  and E a rly  P ennsylvanian  de­
posits. The d ifferen tia l vertica l m ovem ents 
necessary  to fo rm  th e  H urricane R id g e  syn­
cline o f  deposition  w est o f a line that passes 
th rou gh  the N arrow s, V irg in ia , Oakvale, W est 
V irg in ia , and Bluefield, V irg in ia -W est V ir ­
g in ia , m ust have totalled about 7,000 feet. 
T h is is very  close to the stra tigrap h ic  separa­
tion  o f the St. C lair “ th ru st”  in the N arrow s. 
Thus by  any reckon in g , the vertica l dim ension
subsidence resu ltin g  fr o m  a ctiv ity  o f  vertica l 
m ovem ent rather than horizontal d islocation , 
the exceed in gly  sharp line o f  dem arcation  b e ­
tw een the fo lded  A ppalach ian s and the gently  
flexed rocks o f the A llegh en y  synclinorium  is 
easier to understand. A s exem plified by  the 
H u rrican e R id ge  syncline, the g rea t active 
fo lds that took  fo rm  gradually  at variou s 
tim es du rin g  the P aleozo ic E ra  w ere synclines, 
and the prin cipa l d isp lacing  fo rces  at w ork  
d u rin g  th eir fo rm a tion  w ere chiefly vertica l. 
Lateral com pression , as previou sly  indicated, 
was locally  generated  b y  p ro fou n d  subsidence.
FAULT LINE P H E N O M E N A
A ppalach ian  thrusts are believed by  m ost 
geo log ists  to be clean-cut, sharp breaks b e ­
tw een overrid in g  and overridden  beds, such 
as occu r in the N arrow s o f  N ew  R iver n orth ­
w est o f  N arrow s, G iles C ounty, V irg in ia , 
(F ig . 2 1 ) . M ost o f  the fau lts  are sharp and 
nearly fre e  o f  b recc ia tion  o f  the h an gin g  wall 
rock.
C on trastin g  sharply  w ith  these clean cut 
thrusts is the g rea t Pulask i thrust w hich  e x ­
tends about 375 m iles a long the southern  A p ­
palachians. W herever th is fa u lt  occurs, p e ­
cu liar b reccias and crush  conglom erates are 
present (F ig s . 25 and 26) (C ooper, 1 94 6 ). 
The crush  conglom erate locally  contains la rge  
blocks (m ostly  o f  lim estone) m easuring up to  
50 fe e t  in w idth. A  classic exposure o f  the 
fau lt-gen erated  crush  con glom erate  is a long 
the ra ilroad  on the east side o f  N ew  R iver at 
Peppers F erry , M on tgom ery  County, V irg in ia
Fig. 24. Classic exposure of the pronounced structural front of the folded Appalachians exposed in the Narrows of 
New River just downstream from Rich Creek Station on the Norfolk and Western Railway. Some 90 rock units 
delineated in the cross section are described in the Grand Appalachian Excursion Guidebook (Cooper, 1961). 
Section was prepared by Mark Fara.
o f  y ie ld in g  is quite enough to have caused 
the St. C lair “ overth ru st”  block to  have rid ­
den “ up”  and out over a portion  o f  this M is- 
sissipp ian -P ennsylvan ian  syncline o f  deposi­
tion . I f  the fo rces  that im pelled the overrid in g  
b lock  to m ove w ere rooted  in  local differential
(F ig . 2 7 ) . In the general area w here th is 
ph otograph  was taken, there are countless “ in ­
tru s ion s”  o f  breccia  and crush  conglom erate in 
the overr id in g  block. In  the P eppers F e rry  
area, the breccia  zone m ay be as m uch as 
3,000 fe e t  thick. F ig u re  26 show s an exposure
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Fig. 25. Crush conglomerate facies of Max Meadows 
tectonic breccia zone occurring along Pulaski fault and 
as intrusions in the overthrust dolomites (Elbrook 
Formation) at Honaker Bluff between Vicker and 
Christianburg on the Norfolk and Western Railway.
o f  the crush conglom erate along the west 
bound lane o f U.S. H ighw ays 460 and 11 near 
the base o f  Christiansburg M ountain.
Both the Blue R idge and Laswell “ thrusts”  
o f W ythe and Pulaski Counties, V irg in ia , are 
likewise characterized by breccias and crush 
zones.
Geologists v is itin g  the southern Appalachi­
ans are surprised to see the profound brec­
ciation and clastation that has taken place. 
Its length, profuse occurrence, and range in 
thickness make it one of the great fault brec­
cia zones o f the world.
C O N C L U S IO N S
The structure o f the folded Appalachians 
across the area o f study exhibits more than a 
dozen m ajor fo lds nearly everyone o f  which in 
some positive w ay exhibits a stratigraph ic suc­
cession that indicates structural control o f 
deposition for  at least part o f  the tim e that the 
affected beds w ere being deposited. The m ajor 
“ thrust”  faults are considered to have been 
generated in response to deep basinal subsi­
dence northw est o f each o f  them. Vertical 
movements resulting from  strong, differential 
subsidence are believed to be the m ajor forces 
that produced the structures and bordering 
“ thrusts” .
Fig. 26. Max Meadows breccia containing large block (outlined by white line) of limestone surrounded by phyllite 
breccia (derived from maceration of Rome shales) and crush conglomerate. About 1.7 miles west of Shawsville 
on west bound lane of U.S. Highways 460 and 11. (Gathright)
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Fig. 27. Great mass of coarse pebble, crush conglomerate occurring as intrusive material in overthrust block of 
Pulaski fault at Peppers Ferry along Norfolk and Western Railroad and just north of bridge of Virginia Highway 
114 over tracks. Identified by Campbell (1925) as stream gravel and by Butts (1940) as cave-filling breccia. First 
identified as tectonic breccia by the writer (Cooper, 1939). (Gathright)
The Holston M ountain-Iron M ountain thrust 
block is the logical source o f  the Chilhowee 
clasts in the Middle Ordovician polym ictic con­
glom erates in the South Knobs syncline, be­
cause its transposed Chilhowee lithofacies, 
rather than the rooted, indigenous, Chilhowee 
lithofacies o f M ountain City w indow  belts, 
seem to have provided the ready source fo r  the 
quartzite, arkose, jasper, and other hard peb­
bles found in the Avens Ford conglom erates. 
It is im portant to try to  substantiate the pos­
tulated Middle Ordovician m otivation o f the
Iron M ountain-H olston M ountain block by 
radiom etric dating o f  its Precam brian slices 
by K /A r  determinations.
A cross the portion  o f the folded Appalachi­
ans reviewed in this study, there is strong 
evidence against the existence o f a region­
wide sole fault at depth under the folded  and 
faulted exposed rocks and above the basement. 
Folding o f great “ thrusts”  shows the control­
ling influence o f  vertical movements even after 
thrusting. Control o f  the stratigraphic succes­
sion b y  synclines o f  deposition alm ost cer­
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tainly means that basement had to be involved 
in the development o f these growing folds.
A well carried to basement, drilled on the 
Bane anticline, should provide many data 
needed to resolve the “ thin-skinned” versus 
“ thick-skinned” controversies over the nature 
o f Appalachian structure. The strong possi­
bility that such a well m ight not have to be 
drilled more than 2,000 to 3,000 feet in order 
to strike basement should lend encouragement 
to the eventual drilling of a test carried to 
basement below the Bane anticline. The fact 
that there is no Abscherung at the level o f  the 
Rome Shale in the Bane anticline raises a 
strong objection to the idea of a regional 
sole fault extending under the folded Appa­
lachian belt.
The sharp structural fron t revealed by the
St. Clair “ thrust”  and overturned limb of the 
Hurricane R idge syncline is the northwest­
ward end o f strong compressional movements, 
and the structures to the west in the Appa­
lachian coal-bearing plateaus are results o f  
differential subsidence o f the region that was 
especially prominent in late Paleozoic time.
The Appalachian folded belt developed grad­
ually during Paleozoic time as a geosyncli­
norium, and this basinal structure has not 
been altered into a regional anticlinorium by 
Appalachian deformation. A  terminal Paleo­
zoic orogeny in the Southern Appalachians is 
not supported by present data. The long-enter­
tained idea that all Appalachian folds and 
faults were form ed during the so-called Appa­
lachian Revolution is abundantly denied by the 
rocks themselves.
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